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But  have  a  care  about  the  greenhouse  you  build.    Much  depends  on  its  being  right  and 
the  right  construction.    It's  not  any  old  carpenter's  job 


How  to  Make  Twice  the  Money  With  Half 

the  Work 

or  Half  the  Work  Make  Twice  the  Money 


SOUNDS  like  some  kind  of  gold 
brick  game,  doesn't  it?  If  work- 
ing half  an  acre  with  half  the  men 
and  getting  three  crops  instead  of  one 
is  a  gold  brick  game,  then  it's  up  to 
you  and  the  rest  of  the  boys  to  get  a 
greenhouse.  Borrow,  beg,  or  steal, 
build  a  greenhouse,  and  get  those 
bricks  while  getting  is  good. 

For  example — with    a    greenhouse 
you  can  grow  a  late  fall  and  mid-win- 


ter crop  of  cucumbers  and  an  early 
spring  crop  of  tomatoes. 

Between  the  rows  of  each  a  row  of 
lettuce,  radishes  or  spinach  can  be 
grown.  Or  you  can  have  4  crops  of 
lettuce.     A  crop  every  60  to  70  days. 

With  labor  so  hard  to  get,  why  try 
to  farm  extensively  half  the  year, 
when  with  a  greenhouse  you  can  do 
it  intensively  all  the  year? 

Send  for  special  greenhouse  Vege- 
table Circular  No.  448. 


Tof4§IWiihamla 

Builders  of  Greenhouses  and  Conservatories 

SALES  OFFICES 

New  York— 42nd  St.  Bldg.  Boston— Tremont  Bld^.  Philadblphia— Widener  Bldg. 

Chicago — ContinentAl  A  Commercial  Bank  Building 
DxTBOiT — ^Book  Bldg.  Rochestek- Granite  Bldg.  Toronto — Royal  Bank  Building 

Cleveland— Swetland  Bldg.  Montreal— Transportation  Bldg. 


Irvinoton,  N.  Y. 


FACTORIES 
St.  Catherines,  Canada 
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The  AU-In-One 


For  Over  28  Legumes 

The  logical  and  most  economical  means  of  maintaining  or  restoring 
soil  fertility  is  the  growing  of  leguminous  cover  crops. 

Any  crop  demands  proper  physical  condition  and  chemical  reaction  of 
the  soil  before  it  can  succeed.  Legumes  require  in  addition  the  pres- 
ence of  the  symbiotic  bacteria  for  their  development. 

Instead  of  an  assortment  of  cultures  as  profuse  as  the  legumes  them- 
selves, we  have  introduced  into  the  one  medium  all  of  the  strains  of  B. 
radicicola  necessary  for  inoculating  the  28  legumes  of  greatest  agricul- 
tural importance. 

The  use  of  a  finely  granular  organic  medium,  resistant  to  desiccation, 
provides  the  most  aerobic  conditions  which  insure  longevity  of  the 
organisms. 

In  addition,  Alphano  Inoculant  is  richly  impregnated  with  especially 
efficient  species  of  Azotobacter,  the  non -symbiotic  nitrogen  fixers. 

No  waiting  for  the  seed  to  dry.  The  material  adheres  to  the  seed  on 
simple  mixing,  and  is  ready  for  inunediate  seeding. 

Compared  with  most  commercial  cultures,  Alphano  Inoculant  pro- 
vides the  necessary  legume  bacteria  at  half  the  cost. 

Further  information  and  samples  furnished  to  Experiment  Stations 
on  request. 

PRICES 
One  Acre  Sire  Ten  Acre  SIxe 


(Weight  approximately  2  pounds) 

$1.00 


(Weight  approximately  20  pounds) 

$8.00 


Alphano  Humus  Company 


17  Battery  Place 


New  York  City 
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THE  RELATION  OF  GREEN  MANURES  TO  NITROGEN  FIXATION* 

H.  L.  FULMER 
Prom  the  AgricuUural  Experiment  Station  of  the  University  of  Wisconsin 
Received  for  publication  March  12»  1917   ■ 

INTRODUCTION 

The  lack  of  nitrogen  and  organic  matter  in  many  cultivated  soils  is  noted 
by  a  decrease  in  the  crop  yield.  This  deficiency  is  most  apparent  in  the  older 
fanned  soils  where  cultivation  and  removal  of  crops  has  been  practiced  for 
a  number  of  years.  In  order  that  crop  production  may  be  increased,  it  is 
important  to  study  the  most  economical  method  for  supplying  nitrogen  and 
organic  matter.  The  turning  under  of  green  manures  offers  a  possible  solu- 
tion. Aside  from  the  plant-food  returned  with  the  green  manure,  it  frequently 
benefits  the  physical  and  biological  properties  of  the  soil.  The  total  number 
of  soil  microorganisms,  as  well  as  the  different  groups  of  microorganisms, 
is  markedly  influenced  by  the  addition  of  green  manure.  This  effect  on  tlie 
soil  flora  is  reflected  in  the  fertilizing  constituents  made  available  for  plant 
growth. 

Many  investigations  have  been  directed  toward  this  phase  of  the  problem 
and  much  valxiable  information  has  been  obtained  concerning  the  relation  of 
green  manures  to  biologic  processes  in  soil.  From  a  review  of  the  Uterature, 
it  appears  that  the  effect  of  green  manures  on  nitrogen  fijoition  deserves  fur- 
.ther  study.  Accordingly,  experiments  were  planned  to  investigate  the  rela- 
tion of  green  plant  tissue  to  free  nitrogen-fixing  organisms.  The  nature  of 
the  problem  may  be  seen  from  the  following  brief  review  of  the  literature. 

HISTORICAL 

Berthelot  (2)  was  the  first  to  note  a  gain  of  nitrogen  through  the  action  of 
biological  agents  on  the  humus  of  the  soil.  In  1902  Henry  (9)  observed  an 
increase  in  nitrogen  when  forest  leaves  were  allowed  to  decompose  in  soil. 
His  results  were  confirmed  by  Silchting  (25)  and  Hornberger  (11). 

Koch  (15)  found  a  10  per  cent  increase  in  total  nitrogen  of  soil  which  had 
been  allowed  to  stand  for  2J  years.  This  increase  he  attributed  to  the 
assimilation  of  nitrogen  by  the  non-symbiotic  nitrogen-fixing  organisms. 
Elrzemieniewski  (18)  studied  the  gain  in  nitrogen  with  pure  cultures  of  Azoio- 
bacter  chroococcunt,  Radiohacter,  and  Gratpulobacter  in  solutions  containing  soil 

^Published  with  the  permission  of  the  Director  of  the  Wisconsin  Agricultural  Experi- 
ment Station. 
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hmnate.  All  cultures  showed  an  increase  in  nitrogen  from  the  use  of 
humate,  especially  when  the  first  two  organisms  were  grown  together.  Remy 
and  R5sing  (23)  obtained  similar  results  with  the  use  of  soil  humate.  They 
concluded  that  the  iron  contained  in  the  humate  probably  acted  as  a  stimu- 
lant for  the  nitrogen-fixing  organisms. 

In  a  sandy  soil,  Koch  and  his  associates  (16)  obtained  nitrogen  fixation  by 
the  addition  of  dextrose,  cane  sugar,  or  starch.  There  was  practically  no 
increase  shown  when  straw,  filter  paper,  or  buckwheat  was  applied.  The 
addition  of  green  mustard  in  a  dried,  pulverized  form  resulted  in  a  loss  of 
nitrogen,  which  loss,  they  thought,  was  due  partly  to  the  escape  of  ammonia 
from  the  decomposing  mustard. 

Koch  (13)  showed  that  the  beneficial  effect  of  sugar,  i.e.,  gain  in  nitrogen, 
may  be  noted  by  an  increase  in  crop  yield.  During  the  first  year  no  increase 
was  noted;  however,  in  the  second  and  third  years  the  treated  series  showed 
an  increase  in  crop  yield.  In  a  later  publication  (14)  the  same  author  noted 
that  cellulose  may  be  used  as  a  source  of  energy  for  nitrogen-fixing  organisms 
provided  the  time  of  incubation  is  long  enough  for  the  cellulose  to  decompose. 
The  greatest  gain  in  nitrogen  occurred  where  the  largest  amount  of  cellulose 
was  digested.  For  each  gram  of  carbohydrate  consumed,  cellulose  gave  a 
greater  fixation  than  dextrose. 

*  According  to  Hutchinson  (12)  winter  applications  of  sugar  and  starch  bene- 
fited the  crop  yield.  However,  spring  applications  failed  to  give  an  increase. 
He  attributed  this  difference  to  the  effect  of  the  season  on  Azotobacter.  Hoff- 
mann (10)  found  an  increase  of  nearly  1000  poimds  of  nitrogen  per  acre  as 
a  result  of  three  years'  treatment  of  soil  with  sugar.  Similar  results  were  ob- 
tained with  starch,  but  the  gain  was  not  so  marked.  In  1910,  Marr  (20) 
reported  that  straw  alone  when  added  to  soil  increased  nitrogen  fixation; 
sugar,  also,  favored  this  process. 

Experiments  carried  out  by  Pringsheim  (22)  showed  that  the  nitrogen-as- 
similating organisms  can  make  use  of  decomposing  cellulose  a&  a  source  of 
energy.  Recent  investigations  by  Bottomley  (3)  have  shown  that  soluble 
humates  may  be  used  by  the  nitrogen-assimilating  organisms. 

Hanzawa  (8)  employed  humus  from  stable  manure  and  from  green  manure 
as  energy  sources  for  Azotobacter,  In  solution  he  noted  that  stable-manure 
himius  increased  nitrogen  .fixation,  while  green-manure  humus  proved  inju- 
rious. However,  only  a  very  limited  number  of  determinations  were  made 
with  green  manures. 

Lohnis  and  Green  (19)  carried  on  similar  experiments.  They  worked  with 
mixed  cultiu-es  of  Azotobacter  chroococcumy  Beijerinckii,  Vinelandii,  and 
Vitreum.  Beijerinck's  nmnnit  solution^  was  used  with  the  addition  of  about 
0.2  gm.  of  dried  material  to  each  100  cc.  portion  of  liquid.  They  compared 
the  gain  in  nitrogen  with  stable  manure,  green  (pea)  manure,  peat,  and  straw. 
Their  results  are  given  in  the  following  table: 

'Tap  water,  1,000  cc.;  mannit,  20.0  grams;  dipotassium  phosphate,  0.5  grams. 
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m  100  cc.  ov  aoLxmoM 


Fresh  straw 

Fresh  stable  manure 

Fresh  peat 

Green  manure 

Beijerinck's  mannit  solution  alone 


WfM. 

10.0 
9.8 
9.3 
8.0 
5.6 


The  results  show  that  all  of  the  organic  substances,  when  added  to  the 
mannit  solution,  aided  nitrogen  fixation.  Apparently  straw,  stable  manure, 
and  peat  furnished  the  best  sources  of  energy  for  the  nitrogen-fixing  organ- 
isms. These  investigators  stated  that  more  nitrogen  was  assimilated  by  the 
mixed  cultures  than  by  any  one  of  the  individual  strains. 

When  the  stable  manure,  green  manure,  peat,  and  straw  were  converted 
into  humus  under  aerobic  or  ahaerobic  conditions,  the  effect  on  nitrogen  fixa- 
tion was  as  follows: 


WatMJAL 

oomxnoMS  fob 

HUMUB  VOaMAIIOM 

mntooKH  Assna- 

lATXD  «  100  cc.  ov 

8OLUTX0M  Ansa 

Stable  manure i 

Aerobic 
Anaerobic 

Aerobic 

Aerobic 
Anaerobic 

Aerobic 
Anaerobic 

14.4 

Green  manure 

13.6 
9.0 

Peat 1 

Straw 1 

8.7 

9.9 

10.9 

10.4 

After  humification,  the  stable  manure  takes  first  place  as  an  energy  source 
for  the  free  nitrogen-fixing  organisms.  This  difference  may  be  due  to  the 
higher  content  of  cellulose  material.  Here,  unlike  Hanzawa's  results,  green- 
manure  humus,  as  well  as  the  green  manure,  enhanced  nitrogen  fixation. 

In  his  study  of  the  carbon  and  nitrogen  balance  in  the  soil,  Felber  (7)  ap- 
plied dried,  pulverized  straw  and  obtained  nitrogen  fixation  in  both  sand  and 
and  clay  soils.  Brown  and  Allison  (4)  treated  soil  in  pots  with  stable  manure, 
straw,  stover,  and  hay.  Both  leguminous  and  non-legiuninous  hays  were 
employed.  A  gain  in  nitrogen  was  the  result  of  these  treatments.  The  tis- 
sue from  non-legumes  gave  a  greater  gain  than  that  from  legumes. 

Because  of  their  bearing  on  the  experiments  described  in  this  paper,  the 
results  of  Dvorak  (6)  deserve  special  consideration.  He  found  that  varying 
amounts  of  nitrogen  are  fixed  when  Azoiobacter  is  grown  in  a  solution  con- 
taining carbohydrates  from  different  sources.  Comparisons  were  made  of 
the  amount  of  nitrogen  fixed  in  the  presence  of  glucose  with  that  fixed  from 
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oak  leaves,  clover,  maple  leaves,  straw,  alfalfa,  com  stalks,  lupine,  com  roots 
and  stubble,  and  pine  needles.  These  materials  were  dried,  ground,  and  1(>- 
gram  portions  added  to  250  cc.  of  tap  water  containing  1  per  cent  of  calcium 
carbonate  and  1  per  cent  of  dibasic  potassium  phosphate,  except  clover, 
lupine,  and  alfalfa  which  were  added  in  a  green,  crushed  form.  This  solution 
was  placed  in  2-liter  Erlenmeyer  flasks,  sterilized,  and  inoculated  with  a  pure 
culture  of  Azotohacter  chroococcum.  The  gain  in  nitrogen  is  shown  in  the  fol- 
lowing table  adapted  from  Dvorak's  results. 


MXTSOGBM  ASaZMHAIXD 

IN  100  OC.   OF   SOLUTION 

Ann  VOU1I  WXBK8 

Glucose   

mgM. 
23.04 

Com  roots  and  stubble 

7.36 

Clover 

7.12 

Straw  (wheat) 

5.60 

Com  stilts 

f 

4.48 

Oak  leaves            .    .                

2.24 

LuDine 

2.20 

Alfalfa 

1.72 

Maple  leaves 

1.48 

Pine  needles 

0.88 

The  value  of  com  stalks  for  nitrogen  fixation  is  clearly  shown  by  the  figures 
in  the  table.  Of  all  the  substances,  with  the  exception  of  glucose,  com  stalks 
gave  the  highest  gain  in  nitrogen.  In  a  descending  scale,  clover  and  wheat 
straw  rank  next  in  stimulating  nitrogen  fixation.  The  indirect  beneficial 
effect  of  plant  tissue  on  nitrogen  fixation  is  clearly  established  from  the  results 
given  in  this  table.  Dvorak  concluded  that  the  greatest  gain  in  atmospheric 
nitrogen  by  Azoiobacter  chroococcum  was  obtained  from  compoimds  with  low 
carbon  and  with  high  oxygen  content.  He  thought  the  small  fixation  of  ni- 
trogen in  the  case  of  pine  needles  was  due  partly  to  the  presence  of  terpenes 
and  tannic  acid. 

Stoklasa  (24)  tested  the  availability  of  various  sugars  for  Azotobacier  chro- 
ococcum. A  comparison  of  arabinose,  saccharose,  xylose,  glucose,  galactose, 
fmctose,  rhanmose,  lactose,  and  maltose  showed  that  in  liquid  cultures  the 
highest  fixation  of  nitrogen  occurred  with  arabinose  and  the  lowest  with 
rhanmose. 

When  Azotobacter  was  grown  on  pol3rsaccharides,  various  alcohols,  sugars, 
aliphatic  and  non-aliphatic  organic  acids,  substances  occuring  widely  in  nature 
Mockeridge  (21)  noted  fixation  of  nitrogen  by  this  organism. 

From  the  preceding  data,  it  seems  certain  that  in  a  soil  with  the  proper 
reaction,  the  common  soil  flora  should  give  an  increase  in  nitrogen  provided 
a  suitable  source  of  energy  is  added.  Based  on  these  results,  a  series  of  ex- 
periments was  planned  to  study  the  effect  of  green  manures  on  nitrogen 
fixation. 
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METHODS 

Two  common  field  crops,  a  legume  and  a  non-legume,  were  selected.  These 
plants  were  chosen  because  of  their  difference  in  content  of  nitrogen  and  pen- 
tosan. The  results  of  many  analjrses  by  During  (5)  show  that  non-legumes 
are,  as  a  rule,  much  higher  in  pentosans  than  are  legumes.  Since  pentosans 
are  easily  hydrolized  to  pentose  sugars,  they  are  important  from  the  stand- 
point of  the  independent  nitrogen-fixing  organisms. 

Red  clover  {Trifolium  pratense),  oats  (Avena  scUiva),  and  wheat  (TriHcum 
tndgare)  were  used  as  green  manures.  The  plants  were  cut  into  fine  pieces 
with  scissors  and  1.5  per  cent  of  the  green  tissue  added  to  the  soil,  or  O.S 
per  cent  on  the  dry  basis.  This  amoimt  was  selected  because  it  approximates 
a  good  crop  of  wheat,  oats,  or  clover.  Total  nitrogen  analyses  were  made  of 
five  representative  samples  of  tissue  at  the  time  it  was  added  to  the  soil.  The 
average  of  these  analyses  is  given  in  the  tabular  data  imder  the  heading 
"nitrogen  added  to  100  grams  of  soil."  The  nitrogen  of  the  green  manure 
was  subtracted  from  the  total  analyses  of  the  treated  soil. 

Two  types  of  soil  were  employed,  one  a  field  soil  classed  as  Miami  silt  loam, 
and  the  other  a  garden  soil  classed  as  a  member  of  the  Clyde  series.  These 
two  soils  were  selected  because  of  their  difference  in  organic  matter.  The 
field  soil  is  medium  low,  while  the  garden  soil  is  high  in  organic  substances. 
The  soils  were  sieved  thoroughly,  mixed,  and  400-gram  portions  on  the  dry 
basis  were  weighed  out.  The  green  tissue  was  then  added  to  the  soil  and  the 
whole  thoroughly  mixed.  In  order  to  secure  aeration,  the  soil  was  placed  in 
shallow  soup  plates.  These  were  incubated  at  25°C.  The  soil  moisture 
was  maintained  at  25  per  cent,  which  represented  about  half  saturation.  At 
regular  intervak,  the  loss  by  evaporation  was  replaced  by  the  addition  of 
distilled  water. 

The  first  total  nitrogen  determination  was  made  after  2  weeks  and  again 
after  4,  6,  and  8  weeks.  For  each  anal3rsis  one  plate  of  soil  from  each 
similarly  treated  group  was  used.  The  soil  was  dried,  pulverized,  and 
thoroughly  mixed  on  glazed  paper.  Ten-gram  samples  were  then  taken  for 
analysis. 

In  all  nitrogen  determinations  the  greatest  care  was  exercised.  Only  the 
purest  chemicals  were  used.  The  contents  of  the  flasks  were  digested  until 
dear  and  the  heating  continued  for  another  hour  to  insure  complete  digestion. 
All  analyses,  unless  otherwise  stated,  were  made  according  to  the  Kjeldahl 
method  modified  to  include  nitrate  nitrogen.  The  reagents  were  made  up  in 
amoimts  large  enough  to  last  throughout  the  work,  thu3  insuring  greater 
uniformity  in  results.  The  standard  acid  and  alkali  were  frequently  checked 
from  time  to  time.  The  period  of  distillation  lasted  for  at  least  an  hour. 
The  standard  acid  and  alkali  in  these  experiments  were  of  N/10  normality. 
Cochineal  was  used  as  an  indicator. 
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Nitrogen-fixation  in  garden  soil  treated  with  green  clover  and  green  wheat  ^ 

A  series  of  plates  was  arranged  as  follows: 

a.  Four  plates  of  garden  soU  xmtreated. 

b.  Four  plates  of  garden  soil  plus  1.5  per  cent  of  green  clover. 

c.  Four  plates  of  garden  soil  plus  l.S  per  cent  of  green  wheat. 
The  results  of  this  experiment  are  recorded  in  table  1. 

TABLE  1 
Effect  of  green  clover  and  green  wheal  on  nitrogen  fixation  in  garden  soil 


1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


nSATMENT 


percetU 
None 
None 
None 
None 
None 

1 . 5  clover 
l.S  clover 
1 . 5  clover 
1 . 5  clover 
1 . 5  clover 

1 . 5  wheat 
1 . 5  wheat 
1.5  wheat 
1 . 5  wheat 
1 . 5  wheat 


It 


NXROOSK  IN   100  CM,.  OP  SOIL 


None 
None 
None 
None 
None 

13.2 
13.2 
13.2 
13.2 
13.2 

11.5 
11.5 
11.5 
11.5 
11.5 


Alter  l9io  weeks  After  four  weeks 


mgm. 
413.0 
417.2 
417.2 
417.2 
417.2 

423.6* 

419.4 

422.2 

418.0 

423.6 

425.3 
426.7 
418.3 
416.9 
423.9 


416.4 


421.4 


422.2 


5.0 


5.8 


MgM> 

410.2 
410.2 

411.6 
407.4 

413.8 
412.4 
Ull.O 
413.8 
412.4 


412.7 

'409.9 
414.1 
412.7 


409.8 


412.7 


412.3 


2.9 


2.5 


After  six  weeks 


mgm. 
410.2 
411.6 
407.4 
410.2 
407.4 

413.8 
413.8 
412.4 
412.4 
411.0 

415.5 
415.5 
414.1 
411.3 
412.7 


mgm. 


409.4 


412.7 


413.8 


mgm. 


^  ^ 


4.4 


After  eight 


m^m. 
406.0 
407.4 
406.0 
403.2 
407.4 

406.8 
405.4 
408.2 
408.2 
411.0 

416.9 
411.3 
411.3 
414.1 
404.3 


406.0 


407.9 


411.6 


1.9 


5.6 


^  The  green  manure  nitrogen  was  subtracted  from  the  total  nitrogen  of  the  treated  soil. 

DiflFerent  plates  of  soil  were  used  for  each  analysis  instead  of  taking  samples 
of  soil  from  the  same  plate.  The  decrease  in  nitrogen  of  the  xmtreated  soil 
after  four,  six,  and  eight  weeks  is  due  most  probably  to  a  change  in  methods 
and  not  to  any  actual  loss  of  nitrogen.  All  the  figures  given  in  the  vertical 
columns  represent  the  results  of  analyses  made  at  the  same  time,  i.e.,  the 
methods  followed  were  alike. 

It  will  be  seen  by  an  examination  of  the  vertical  columns  of  table  1  and 
figure  1  that  in  every  case  the  treated  soil,  after  allowance  is  made  for  the 
green-manure  nitrogen  present,  showed  a  gain  in  nitrogen  over  the  untreated. 
There  was  some  variation  in  the  amount  of  nitrogen  assimilated  depending 
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upon  the  period  of  incubation.  The  greatest  gain  was  obtained  two  weeks 
after  the  green  manure  was  added. 

A  comparison  of  these  two  green  manures  indicates  that  clover  is  more 
beneficial  during  the  early  stages  of  decomposition,  while  wheat  is  beneficial 
for  a  much  longer  period  of  time.  Apparently  the  non-legume  gives  a  greater 
gain  in  nitrogen  than  the  legume.  This  difference  in  favor  of  wheat  is  perhaps 
due  to  the  higher  content  of  carbohydrate  material. 

Under  the  conditions  of  this  experiment,  it  seems  safe  to  conclude  that 
green  manures  as  clover  and  wheat  when  added  to  soil  furnish  some  substance 
which  benefits  the  nitrogen-fixing  flora. 


b      c 
2  Weeks 


b      c 
4  Weeks 


b     c 
6  Weeks 


b     c 
6  Weeks 


Fig.  1.  Milligrams  of  NrrROGEN  Fixed  in  100  Grams  of  Garden  Soil  as  a  Result  or 

Adding  Green  Manitre 

b,  clover-treated  soil;  c  wheat-treated  soU. 

Nitrogen  fixation  in  field  soil  treated  with  green  clover  and  with  green  oats 

In  order  to  measure  the  effect  of  green  manures  on  nitrogen  fixation  in  field 
soQy  a  series  of  plates  was  arranged  similar  to  those  in  the  preceding  test,  with 
the  exceptions  that  green  wheat  was  replaced  by  green  oats  and  a  different 
sample  of  green  clover  was  used.  The  results  of  previous  study  showed  that 
the  field  soil  was  lower  than  the  garden  soil  in  both  organic  matter  and  the 
total  number  of  bacteria.  For  these  reasons  it  seemed  desirable  to  make  a 
study  of  the  effect  of  green  manuring  on  nitrogen  fixation  in  field  soil.  The 
arrangement  of  the  experiment  and  the  results  secured  are  shown  in  table  2. 
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From  the  data  in  table  2  and  figure  2,  it  will  be  seen  that  in  every  case  with 
field  soil  the  treated  soil  showed  a  gain  in  nitrogen  beyond  that  of  the  un- 
treated. The  results,  in  many  instances,  are  similar  to  those  of  the  preced- 
ing test.  The  greatest  gain  of  nitrogen  was  shown  two  weeks  after  the  green 
manures  were  added.  The  amount  of  nitrogen  fixed  varied  at  the  diflFerent 
incubation  periods. 

Here,  as  in  table  1,  a  comparison  of  these  two  green  manures  indicates  that 
clover  is  more  beneficial  during  the  early  stages  of  decomposition,  while  oats 
are  beneficial  for  a  much  longer  period  of  time.    From  the  data  obtained  with 

TABLE  2 
Efect  of  green  clover  and  green  oats  on  nitrogen  fixation  in  field  soil 


NinOGSM  IN  100  OKAMB  OF  BOH. 


^erfourweekg  After  six  weeks  After  eight  weeks 


field  soil,  it  is  apparent  that  the  non-legume  gives  a  greater  gain  in  nitrogen 
than  the  legume.  This  difference  is  most  likely  due  to  a  higher  content  of 
carbohydrate  material  in  the  oats  than  in  the  clover. 

There  is  considerable  variation  in  nitrogen  in  soil  receiving  the  same  treat- 
ment when  examined  at  different  intervals.  These  samples,  as  in  the  preced- 
ing experiment,  were  taken  from  different  plates  throughout  the  test  instead 
of  from  the  same  plate.  However,  in  every  analysis  the  treated  soil  showed 
a  gain  in  nitrogen  beyond  that  of  the  xmtreated  when  examined  at  the  same 
time.    In  comparing  the  figures  of  table  1  with  those  of  table  2  the  results 
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indicate  that  field  soil  responds  to  green  manuring,  i.e.,  nitrogen  fixation, 
better  than  the  garden  soil. 

It  appears  that  green  manures  as  clover  and  oats  when  added  to  soil  fur- 
nish some  substance  which  benefits  the  nitrogen-fixing  flora. 


be  be  be  be 

2Weekt  4  Weeks  6  Weeks  6  Weeks 

Fig.  2.  Milugrams  of  Nitrogen  Fixed  in  100  Grams  of  Field  Sotl  as  a  Result  or 

Adding  Green  Manure  * 

6,  clover-treated  soil;  c,  oats- treated  soil. 

Nitrogen  fixation  in  field  soil  treated  with  green  clover,  green  oats,  and  0,5  per 

cent  of  mannit 

This  experiment  was  made  in  order  to  determine  whether  an  increase  in 
nitrogen  could  be  shown  with  the  addition  of  a  green  manure  in  the  presence 
of  a  small  amoimt  of  mannit.    The  treatment  was  as  follows: 

a.  Two  plates  of  field  soil  plus  0.5  per  cent  of  mannit. 

b.  Two  plates  of  field  soil  plus  0.5  per  cent  of  mannit  plus  1.5  per  cent  of 
green  clover. 

c.  Two  plates  of  field  soil  plus  0.5  per  cent  of  mannit  plus  1.5  per  cent  of 
green  oats. 

The  samples  of  this  series  were  analyzed  after  four  and  eight  weeks.  The 
results  of  this  work  are  presented  in  table  3. 
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In  reviewing  the  data  in  table  3  and  figure  3,  it  will  be  clearly  seen  that  soil 
treated  with  green  manure  and  mannit  gave  a  decided  gain  in  nitrogen  be- 
yond that  obtained  with  the  mannit  alone.  Here,  as  in  the  preceding  ex- 
periments, the  amount  of  nitrogen  fixed  varied  with  the  time  of  incubation, 
especiaUy  with  oats.  The  greatest  gain  is  noted  with  oats  4  weeks  after  treat- 
ment. While  the  results  vary  somewhat,  there  is  shown  in  every  case  a  bene- 
ficial effect  from  adding  green  manures  to  soil  of  which  the  nitrogen-fixing 
flora  had  previously  received  a  stimulus  by  the  addition  of  mannit. 

TABLE  3 

Effect  of  green  clover  and  green  oals  on  niirogen  fixation  in  field  soil  conlaimng  0.5 

per  cent  of  mannit 


MmOOBh  Df  100  CRAMB  OT  BOIL 

TtXATKSNT 

NmOOBM 
AODKDTO 

MO. 

After  four  weekf 

After  eifht  weeks 

or  SOIL 

Total 

Averat« 

Increase 

Total 

Average 

Increase 

P»cetU 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

1 

None 

None 

282.8 

289.8 

2 

None 

None 

275.8 

284.2 

3 

None 

None 

277.2 

276.9 

289.8 

286.2 

4 

None 

None 

274.4 

282.8 

S 

None 

None 

274.4 

284.2 

6 

l.Sdover 

15.3 

277.3 

291.3 

7 

1.5  clover 

15.3 

278.7 

289.9 

8 

1 . 5  clover 

15.3 

281.5 

279.2 

2.3 

291.3 

290.2 

4.0 

9 

1 . 5  clover 

15.3 

280.1 

287.1 

10 

1 . 5  clover 

15.3 

278.7 

291.3 

11 

1.5  oats 

7.3 

290.9 

289.5 

12 

1.5  oats 

7.3 

293.7 

289.5 

13 

1.5  oats 

7.3 

292.3 

292.3 

15.4 

290.9 

289.8 

4.0 

14 

1.5  oats 

7.3 

295.1 

290.9 

15 

1.5  oats 

7.3 

289.5 

288.1 

Therefore,  imder  the  conditions  of  this  experiment,  it  seems  safe  to  con- 
clude that  the  green  clover  and  the  green  oats  benefited  the  nitrogen-fixing 
organisms. 

Effect  of  green  manures  on  nitrogen  fixation  in  solution 

If  green  manures  cause  an  increase  in  the  niunber  of  nitrogen-fixing  bacteria 
it  seems  probable  that  green-manured  soil  will  give  a  corresponding  gain 
when  used  to  inoculate  Ashby's  (1)  mannit  solution.  Aside  from  the  greater 
number  of  nitrogen-fixing  bacteria,  it  is  very  probable  that  the  mannit  added 
in  the  inoculum  will  have  a  beneficial  effect  on  nitrogen  fixation. 
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Fig.  3.  Milligkaics  of  Nitrogen  Fixed  in  100  Grams  of  Field  Son.  as  a  Result  of 
Adding  Green  Manure  to  Soil  Additionally  Treated  with  Mannit 

a,  soil  with  0.5  per  cent  mannit;  b,  clover-treated  soil  +  0.5  per  cent  mannit;  c,  oats- 
treated  soil  +  0.5  per  cent  mannit. 
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In  order  to  measure  the  efiFect  of  green  manuring  on  the  nitrogen  gain  in 
solution,  500  cc.  Erlenmeyer  flasks,  each  containing  100  cc.  of  mannit  solu- 
tion, were  inoculated  with  10  gram  portions  of  soil.  Six  flasks  were  inoculated 
from  each  plate  of  soil.  One-half  of  these  were  immediately  sterilized  to  serve 
as  controls.  These  inoculations  were  made  at  the  beginning  of  the  experi- 
ment and  repeated  at  intervals  of  two  weeks,  i.e.,  zero,  two,  four,  six,  and  eight- 


TABLE  4 
Efect  of  green  clover  and  green  wheat  on  nitrogen  fixation  of  garden  soil  in  solution 


1 
2 

3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 


pacha 
None  sterile 
None  sterile 
None  sterile 

None  not  sterile 
None  not  sterile 
None  not  sterile 

1 . 5  clover  sterile 
1.5  clover  sterile 
1.5  clover  sterile 

1 . 5  clover  not  sterile 
1 . 5  clover  not  sterile 
1 . 5  clover  not  sterile 

1 . 5  wheat  sterile 
1 . 5  wheat  sterile 
1 . 5  wheat  sterile 

1 . 5  wheat  not  sterile 
1 . 5  wheat  not  sterile 
1.5  wheat  not  sterile 


I 

ii 


None 
None 
None 

None 
None 
None 

1.32 
1.32 
1.32 

1.32 
1.32 
1  32 

1.15 
1.15 
1.15 

1.15 
1  15 
1.15 


NmoGBN  or  100  oc.  or  solution  arxk 


No  weeks 

Incubated 

16  days 


mgm. 
41.02 

41.02 

49.42 
49.28 
49.70 

42.08 
41.80 
42.64 

51.88 

51.88 

41.55 
40.71 
41.41 

50.65 
50.23 
51.49 


MflW' 


1.27 


1.13 


Two  weeks 

Incubvted 

10  days 


41.58 
41.44 
41.72 

50.26 
50.96 

51.52 

41.66 
42:36 
42.22 

51.88 

51.880.60 

52.28 

41.13 
41.69 

41.55 


55.85 
54.15 
54.71 


2§ 

9  0 


3.78 


Four  weeks 

Incubated 

7  days 


44.38 
43.40 
43.40 

53.06 
52.92 
52.08 

42.78 
42.92 
42.54 

53.00 
52.72 
52.16 

42.39 

42.39 

53.31 
52.61 
52.61 


0.92 


1.49 


Six  weeks 

Incubated 

Udays 


41.72 
42.14 
42.56 

51.80 
52.36 
50.96 

41.94 
41.52 
41.94 

52.58 

51.88 

41.97 
41.69 
41.83 

50.79 
51.35 
51.07 


If 


1.88 


0.69 


Eight  weeks 

Incubated 

Udajrs 


42.98 
42.88 
43.40 

50.96 
50.40 
52.08 

42.22 

43.34 

52.86 
53.56 
51.88 

41.83 
41.83 
41.55 

50.93 
51.77 
50.93 


r 


H 


«I|W. 


1.73 


1.27 


week  periods  after  the  manure  was  added.  All  of  the  cultures  were  kept  at 
25°C.  The  time  of  incubation  varied  from  seven  to  sixteen  days;  for  the 
first  set  of  inoculations,  sixteen  days;  for  the  second  set,  ten  days;  for  the 
third,  seven  days;  and  for  the  fourth  and  fifth  tests,  fourteen  days.  It  was 
observed  by  Koch  and  Seydel  (17)  that  Azotohacter  assimilated  the  greater 
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part  of  its  nitrogen  in  the  early  stages  of  growth.  In  order  to  detetmine 
whether  the  organisms  assimilating  nitrogen  were  stimulated  soon  after  inocu- 
lations were  made,  the  cultures  were  analyzed  after  short  periods  of  incubation. 
The  maximum  length  of  incubation  did  not  exceed  sixteen  days. 

At  the  end  of  each  incubation  period  a  total  nitrogen  determination  of  each 
flask  with  the  Kjeldahl  method  not  to  include  nitrates,  was  made.    The 
'  results  of  the  analyses  are  recorded  in  table  4. 
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Fig.  4.  Milugrams  op  Nitrogen  Fixed  in  100  cc.  op  Ashby's  Solution  Inoculated 
wriH  Treated  and  Untreated  Soil 

Each  set  was  inoculated  at  intervals  of  two  weeks  after  starting  the  experiment,  and  these 
allowed  to  incubate  for  varying  periods,  a,  untreated  soil;  by  clover-treated  soil;  c,  wheat- 
treated  soil. 

The  data  in  table  4  and  figure  4  show  that  in  every  case  green  manures  en- 
hanced nitrogen  fixation.  Although  the  gain  in  nitrogen  is  not  large,  how- 
ever, because  of  a  number  of  parallel  determinations,  it  seems  safe  to  conclude 
that  these  substances  benefit  the  fixation  of  nitrogen  in  solution.  Wheat 
did  not  prove  to  be  superior  to  clover  as  a  stimulus  to  nitrogen  fixation  in 
solution.  Clover  gave  the  best  results  from  inoculations  made  at  the  begin- 
ning of  the  treatment,  and  after  six  and  eight  week  periods.  Wheat  did 
better  than  clover  after  decomposing  for  two  and  four  weeks.  However,  the 
maximum  gain  was  noted  with  wheat  after  two  weeks.  In  general  these 
results  fail  to  show  any  relation  between  the  age  of  decomposing  manure  and 
the  amoimt  of  nitrogen  assimilated. 
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This  increase  in  fixation  may  be  due  to  one  or  more  agencies:  first  a  greater 
number  of  nitrogen-fixing  bacteria;  and  second,  to  the  green  manure  added 
in  the  inoculmn.  Because  of  the  small  amount  of  green  manure  in  the  inoc- 
uliun,  it  seems  that  the  greater  number  of  bacteria,  as  a  result  of  the  soil 
treatment,  is  probably  the  chief  factor  concerned  with  the  gain  in  nitrogen. 

Fixation  of  nitrogen  by  pure  cultures  of  bacteria 

For  this  test  green  wheat  (Triticum  vulgare)  and  red  clover  {Trifolium 
pratense)  were  crushed  into  a  semi-fluid  mass  by  grinding  for  several  hours 
in  a  porcelain  ball  mill.  To  1  liter  of  Ashby's  solution,  minus  the  mannit, 
50  grams  of  the  crushed  tissue  were  added  and  the  reaction  adjusted  to  the 
neutral  point  of  phenolphthalein.  One  hundred  cubic-centimeter  portions 
of  the  mixture  were  measured  and  poured  into  1-liter  Erlenmeyer  flasks. 
Each  100  cc.  portion  represented  5  grams  of  green  tissue  or  1  gram  of  dry 
material.  Both  the  oats  and  clover  were  near  matiirity  arfd  contained 
smaller  amounts  of  moistiire  than  the  preceding  samples.  The  flasks  and 
contents  were  then  sterilized  in  the  autoclave  and  inoculated  with  a  pure  cul- 
ture of  Azotobacter  ckroococcum  which  had  been  grown  on  a  medium  of  the  same 
formula.  This  same  culture  of  Azotobacter  had  in  previous  tests  shown  a 
gain  of  7.4  mgm.  of  nitrogen  when  grown  in  a  1  per  cent  mannit  medimn. 
One-half  of  the  culture  flasks  were  sterilized  immediately  after  inoculation. 
These  were  used  as  controls.  The  entire  set  of  flasks  was  placed  in  the  26°C. 
incubator  for  28  days.  At  the  end  of  this  period  total  nitrogen  determi- 
nations were  made.    The  results  are  presented  in  table  S. 

From  the  results  presented  in  table  5,  it  appears  that  Azotobacter,  in  using 
the  carbon  of  green  manures,  can  fix  a  very  small  amount  of  nitrogen.  In 
general  the  results  agree  with  those  of  Dvorak  (6).  The  very  high  amount 
of  nitrogen  assimila'ted  in  his  eicperiment  with  green  clover  was  never  ob- 
tained in  these  experiments.  This  may  be  due  in  part  to  a  difference  in  the 
strain  of  Azotobacter  or  to  a  difference  in  the  composition  of  green  tissue. 
However,  it  seems  safe  to  assume  that  the  carbohydrate  in  the  green  tissue 
available  for  this  organism  is  small.  Oat  tissue  apparently  furnishes  a  better 
carbon  source  than  clover. 

Before  proceeding  to  a  summary  of  the  results  of  these  experiments,  it  is 
desirable  to  present  a  brief  estimate  of  the  possible  value  of  green  manures 
for  nitrogen  fixation  under  field  conditions. 

If  an  acre  of  soil  6  inches  deep  weighs  2,000,000  pounds,  then  the  turning 
under  of  30,000  pounds  of  green  manure,  or  1.5  per  cent  by  weight  of  soil, 
should  be  followed  by  a  nitrogen  increase  of  3  to  5  mgm.  of  nitrogen  in  100 
grams  of  soil,  or  60  to  100  pounds  of  nitrogen  in  one  acre  of  soil. 
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TABLES 

Nitrogen    assimilated  by  Atoiobacter  chroococcitm  in  soluHan  containing  green  dover  and 

green  oats 

Incubated  for  28  days  at  26X. 


nKAXKEMT 

MinoGSH  m  100  oc.  or  solution 

■o. 

Clover 

Oats 

Total 

Average 

Increase 

Total 

Increase 

mgrn. 

rngm. 

mgrn. 

mgm. 

mgm. 

rngm. 

1 

Sterile 

23.5 

16.8 

2 

Sterile 

23.7 

16.8 

3 

Sterile 

23.7 

16.8 

4 

Sterile 

23.7 

23.7 

16.8 

16.8 

5 

Sterile 

23.7 

16.7 

6 

Sterile 

23.5 

16.9 

7 

Sterile 

23.9 

16.7 

8 

Sterile 

23.9 

16.7 

.    9 

Azotobacter 

24.6 

17.8 

10 

Azotobacter 

24.4  « 

17.9 

11 

Azotobacter 

24.3 

17.6 

12 

Azotobacter 

24.3 

24.4 

0.7 

17.6 

17.7 

0.9 

13 

Azotobacter 

24.4 

17.6 

14 

Azotobacter 

24.4 

17.6 

15 

Azotobacter 

24.4 

17.8 

16 

Azotobacter 

24.2 

17.6 

ST7MMARY 

The  results  of  all  experiments  show  an  increase  in  the  assimilation  of  ni- 
trogen due  to  the  applications  of  green  clover,  wheat,  or  oats.  This  increase 
is  noted  both  in  solution  and  soil  tests,  and  with  pure  cultures  of  Azotobacter 
growing  in  a  medium  containing  green  tissue. 

Two  kinds  of  soil  were  used  in  these  experiments  and  in  each  case  a  small 
gain  in  nitrogen  was  observed.  The  variation  in  nitrogen  content,  in  the  un- 
treated soil,  is  no  doubt  due  to  the  error  of  analysis.  The  contents  of  sepa- 
rate plates  were  taken  for  analysis  instead  of  portions  of  soil  from  the  same 
container. 

The  green  manures,  probably  because  of  the  nature  of  their  carbon  content, 
stimulated  nitrogen  fixation  very  soon  after  treatment.  It  is  interesting  to 
note  that  in  the  majority  of  cases,  the  greatest  gain  resulted  with  the  use  of 
non-legume  tissue  as  wheat  and  oats.  These  materials  contained  less  nitro- 
gen and  more  carbohydrate  material,  and  decomposed  more  slowly  than 
clover. 
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conclusions' 


1.  From  the  data  obtained  under  the  conditions  of  the  preceding  experi- 
ments, it  seems  safe  to  conclude  that  green  manures,  as  clover,  wheat,  or  oats, 
when  added  to  soil  favor  free  nitrogen  fixation. 

2.  A  gain  in  nitrogen  was  noted  in  both  soils.  The  increase  was  highest 
with  field  soil,  due  perhaps  to  a  greater  number  of  nitrogen-fixing  organisms. 

3.  A  gain  in  nitrogen  was  observed  (a)  where  green  tissue  was  applied  to 
soil  previously  treated  with  a  small  amount  of  mannit;  (b)  where  treated  soil 
was  used  to  inoculate  Ashby's  solution;  and  (c)  when  a  pure  culture  of  Azo- 
iobacter  was  used  to  inoculate  a  sterile  solution  containing  green  tissue. 

4.  The  non-legume  tissue  stimulated  fixation  more  than  the  legume,  prob- 
ably because  of  the  nature  of  its  carbohydrate  content. 

5.  The  results  of  these  experiments  in  their  entirety  show  that  nitrogen 
fixation  results  from  the  addition  of  green  manures  to  soil.  Fortunately  for 
the  agricultiirist,  the  plants  giving  best  results  are  the  ones  lowest  in  nitro- 
gen content. 
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THE  INFLUENCE  OF  FINENESS  OF  DIVISION  OF  PULVERIZED 
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REVIEW  OF  LITERATURE 

If  the  value  of  an  agricultural  practice  is  determined  by  its  age  and  uni- 
versality, then  that  of  liming  must  be  well  established,  for  the  use  of  lime 
has  been  common  to  all  lands  since  antiquity.  Soimd  instinct  has  deter- 
mined the  use  of  lime  and  it  is  only  the  recent  vogue  of  commercial  fertilizers 
that  has  prevented  liming  from  receiving  the  consideration  which  is  its  due. 
It  is  well  known  that  the  choice  of  one  form  of  lime  over  another  depends  of 
necessity  upon  a  variety  of  factors,  such  as  soil  texture,  of  organic  matter 
content,  items  of  cost,  etc.  It  has  been  generally  assumed  in  the  past  that 
burnt  or  slaked  lime  is  more  efficient  than  groimd  limestone  for  agricultural 
purposes.  While  much  evidence  has  been  offered  to  substantiate  this  claim, 
nevertheless,  recent  investigations  have  paved  the  way  for  the  belief  that 
limestone  groimd  sufficiently  fine  may  be  considered  as  equivalent,  if  not 
superior,  in  value  to  the  caustic  forms  of  lime.  Consequently,  it  is  desirable 
to  establish  the  possibiUties  and  limitations  of  such  contentions.  To  this  end, 
one  promising  field  of  endeavor  has  furnished  the  basis  for  this  investigation, 
namely,  how  do  different  grades  of  pulverized  limestone  influence  crop  yields, 
the  chemical  and  bacteriological  factors  in  soil  fertility,  and  furthermore, 
how  do  they  compare  with  the  effects  produced  by  burnt  lime?  More  par- 
ticularly the  problem  has  been  attacked  from  the  foUowmg  standpoints:  the 
effect  of  different  degrees  of  fineness  of  pulverized  limestone  on  crop  yields  on 
different  soils;  the  rate  of  neutralization  of  soil  acidity;  the  bacteriological 
processes  of  ammonification,  nitrification  and  nitrogen-fixation;  th^  loss  of 
limestone  in  drainage  and  the  composition  of  the  drainage  water.  While 
these  may  at  first  appear  to  be  primarily  scientific  considerations,  an  attempt 
will  be  made  to  indicate  their  direct  practical  significance.  The  conclusions 
arrived  at  when  taken  in  conjunction  with  other  considerations  may  well 
furnish  the  basis  for  choice  in  the  purchase  of  lime  and  therefore  have  an 
essential  bearing  upon  the  farmer's  agricultural  practice. 

In  approaching  the  problem  concerning  the  influence  of  the  different  de- 
grees of  fineness  of  division  of  pulverized  limestone,  it  is  of  interest  to  review 
the  investigations  pertinent  to  the  subject  at  hand. 

*  A  thesis  presented  to  Rutgers  College  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy,  1917. 
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Heinrich  (39)  appears  to  be  the  first  investigator  to  report  such  data. 
The  following  results  were  recorded  by  him  in  1908. 


OSADBfl 

PBA8 

LUCEftNB 

mm. 

grams 

grams 

1.5-2.0 

32.0 

17.1 

1.0-1.5 

38.8 

22.7 

0.5-1.0 

43.3 

28.9 

0.5 

48.0 

28.9 

No  Ca  H-  Fertilizer 

22.6 

0 

No  Ca  -f  No  fertilizer 

26.0 

0 

He  concludes  from  his  work  that  the  finer  the  grade  of  limestone  the  better 
the  results  obtained. 

Voelcker  (110)  has  compared  "coarsely  ground  with  finely  groimd"  limestone 
and  burnt  lime  when  applied  to  the  ordinary  Wobum  soil  in  the  usual  manner 
for  the  growth  of  wheat.  Although  the  author  does  not  state  the  degree  of 
pulverization,  nevertheless,  the  yields  with  the  finely  ground  material  arc 
superior  to  those  obtained  with  coarser,  whether  calcium  or  magnesium  lime- 
stones were  employed.  Further,  burnt  lime  was  inferior  to  ground  limestone 
whether  coarse  or  fine.  This  result,  Voelcker  maintains,  "is  quite  borne  out 
by  experience  on  the  field  scale  in  the  Stackyard  Field  (plot  2bb)  where  ap- 
plications of  burnt  lime  have  not  shown  good  results  at  the  outset  in  the 
case  of  wheat,  but  have  required  time  to  "work."  This  opens  up  the  question 
as  to  whether  the  "alkalinity"  of  the  burnt  lime  applied  has  had  an  influence 
in  lowering  the  crop  yield;  also  a  fiirther  question  as  to  whether  the  changes 
due  to  the  use  of  lime  may  not  be  of  a  biological  rather  than  a  chemical 
nature."  This  interesting  line  of  work  is  being  prosecuted  further  by  the 
author. 

H.  von  Feilitzen  (22)  has  compared  slaked  lime  with  pulverized  limestone 
of  the  following  grades:  0.2  mm.,  0.2  to  0.5  nmi.,  0.5  to  1  nmi.,  1  to  2  mm. 
and  2  mm.  He  finds  that  slaked  lime  gives  greater  yields  than  calcium  car- 
bonate and  both  increase  with  an  increase  in  fineness  of  division.  The  data, 
however,  are  not  regarded  as  conclusive  and  the  need  for  further  experimenta- 
tion is  suggested. 

Brehmer  (8)  treated  a  loam  soil  with  limestone  of  different  degrees  of 
fineness  (no  mention  being  made  of  the  degree '  of  pulverization) .  The  finer  the 
material  the  greater  was  the  increase  in  crop  yield,  while  a  mixture  of  67  per 
cent  CaCOs  with  33  per  cent  CaO  proved  superior  to  the  most  highly  pul- 
verized limestone.  In  several  instances  in  these  experiments  the  increases 
between  treatments  were  not  greater  than  between  duplicates  receiving  the 
same  treatment. 

Gerlach  (35)  supports  Baessler's  (4)  contention  that  the  solubility  of  calcium 
carbonate  in  marl  increases  proportionally  with  the  amount  of  carbonate  it 
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Gontains  and  the  increased  pulverization  of  the  particles.    The  matter  will 
bear  further  discussion  in  another  connection. 

The  Rhode  Island  Agricultural  Experiment  Station  (92)  has  published  the 
early  results  of  an  experiment  dealing  with  the  growth  of  mangels  and  carrots 
when  treated  with  limestone  of  varying  degrees  of  pulverization.  Their 
results  are  as  follows: 


TBBATMSNT 

MANOBLS.  1913 

CAUOIS.  1914 

No  lime 

pounds 
107 
138 
204 
389 
279 

pounds 
175 

10-20  Mpsh  Hmestone 

314 

20-24  Mesh  limestone 

469 

40-80  Mesh  limestone 

563 

Unsifted 

470 

The  material  coarser  than  1/20  inch  had  little  effect  in  the  first  year  but 
considerable  effect  in  the  second.  Whether  this  is  due  to  a  crop  difference 
or  one  depending  primarily  upon  increased  availability  of  the  limestone  is 
considered  questionable.  It  is  evident,  however,  that  in  both  cases  an  in- 
crease in  fineness  of  division  of  pulverized  limestone  was  paralleled  by  an 
increase  in  crop  yield. 

Thomas  and  Frear  (104)  have  very  recently  published  data  indicating  the 
importance  of  fineness  of  division  in  the  use  of  pulverized  limestone.  The 
grades  of  limestone  employed  by  them  were  as  follows:  1/20  to  1/40  inch, 
1/40  to  1/60  inch,  1/60  to  1/80  inch,  1/80  to  1/100  inch,  and  finer  than  1/100 
inch.  Clover  was  grown  in  two  soils  held  in  paraffined  baskets.  The  air- 
dry  weights  recorded  indicate  a  progressive  increase  in  3deld  as  the  limestone 
was  more  finely  divided.  This  contention  is  limited  by  the  fact  that  the 
authors  obtained  variations  between  soils  receiving  the  same  treatment  as 
great  as  the  differences  between  successive  treatments.  According  to  Frear 
the  results  of  this  investigation  are  being  corroborated  in  a  continuation  series 
of  experiments. 

Ames  and  Schollenberger  (3)  determined  the  lasting  effects  of  magnesian  as 
compared  with  calcareous  stone  ground  to  different  degrees  of  fineness.  While 
the  crop. yields  show  as  yet  no  marked  differences,  which  is  probably  due  to 
the  high  fertility  of  the  soil  employed,  the  authors  concluded  that  the  fine- 
ness of  limestone  is  an  important  factor  in  determining  its  effectiveness. 
Material  100  per  cent  of  which  passes  10-mesh  and  50  per  cent  of  which  passes 
50-mesh  and  35  to  40  per  cent  of  which  passes  100-mesh  sieves  is  highly 
effective  as  a  soil  amendment;  while  material  not  finer  than  1/20  inch  produces 
but  slight  benefit  in  correcting  soil  acidity.  Thus  the  results  obtained  in 
Ohio  corroborate  those  of  Pennsylvania,  where  it  is  recommended  that  ground 
limestone  should  pass  at  least  a  60-mesh  sieve. 

Since  the  following  experiments  included  a  comparison  of  burnt  lime  with 


Digitized  by 


Google 


22  NICHOLAS  KOPELOFF 

the  different  grades  of  pulverized  limestone  in  many  instances,  it  it  relevant 
at  this  point  to  consider  briefly  the  previous  work  bearing  upon  this  subject. 
Several  of  our  agricultural  experiment  stations  have  given  this  matter  con- 
siderable attention  amd  especially  noteworthy  are  the  results  obtained  at 
Pennsylvania  which  cover  a  period  of  more  than  thirty  years  (30).  The 
crushed  limestone  plats  have  given  consistently  higher  yields  than  the  plats 
which  received  the  burnt  lime  dressing.  An  interesting  point,  established  as  a 
result  of  pot  experimentation,  is  that  on  soils  having  a  lime  requirement 
(Veitch)  over  1000  pounds  of  CaO  per  acre,  ground  limestone  is  manifestly 
superior  to  calcium  oxide,  while  the  differences  on  more  alkaline  soils  are 
slight  and  more  variable. 

Patterson  (85)  also  conducted  field  experiments  for  more  than  eleven  years 
with  caustic  lime,  by  burning  both  stone  and  shells,  and  the  carbonate  of  lime 
in  ground  shells  and  shell  marl.  The  average  crops  of  maize,  wheat  and 
hay  were  aU  larger  on  the  plats  treated  with  carbonate  of  lime. 

Adams  (1)  states  as  a  result  of  comparative  work  that  no  appreciable  dif- 
ference was  noted  in  the  benefit  derived  from  am  application  of  the  same 
quantity  of  calcium  oxide,  whether  in  the  form  of  ground  limestone  or  in 
hydrated  lime.  In  a  recent  bulletin  of  the  Rhode  Island  Extension  News 
Service  a  comparison  of  80-mesh  limestone  with  slaked  lime  shows  that 
practically  the  same  3deld  was  obtained  in  each  case 

Thome  (106)  also  has  stated  that  "in  actual  practice,  the  experiments  made 
by  the  Ohio  Experiment  Station  have  shown  practically  no  superiority  of  one 
form  of  lime  over  another,  provided  the  limestone  has  been  so  ground  that  80 
per  cent  of  it  will  pass  a  sieve  having  100  meshes  to  the  linear  inch,  and  pro- 
vided also  of  course,  that  the  two  materials  are  used  on  the  basis  of  actual 
calcium  contained. 

Saul  (95)  recommends  finely  ground  limestone  as  superior  to  burnt  lime, 
without  furnishing  experimental  evidence  to  that  effect. 

Hardt  (38)  obtained  larger  )delds  with  marl  than  with  calcium  oxide  when 
applied  in  equivalent  amounts  to  a  heath  soil  imder  a  five-year  rotation  with 
legumes  every  year. 

Hoffman  (41)  gives  the  results  of  79  experiments  upon  150  farms  in  17 
regions  of  the  German  Empire.  In  most  cases  burnt  lime  was  beneficial.  On 
light  soils  poor  in  humus  and  in  dry  seasons  the  carbonate  was  superior  to 
the  quick  lime. 

Meyer  (73)  grew  mustard  and  beans  alternately  for  four  years  in  pots  of 
sandy  loam  treated  with  different  forms  of  lime.  As  a  result  of  this  experi- 
ment, the  yields  resulting  from  the  application  of  groimd  limestone  and  cal- 
ciimi  carbonate  (c.p.)  were  calculated  as  100  and  the  burnt  lime  received  then 
a  valuation  of  only  95.  The  ground  limestone  had  the  following  mechanical 
analysis:  74.3  per  cent  of  flour  (equivalent  to  no.  100  Thomas  slag  sieve), 
21.4  per  cent  finer  than  0.5  mm.,  and  4.3  per  cent  larger  than  0.5  mm.  but 
smaller  than  10  mm. 
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Mooers  (76)  reports  comparative  experiments  with  ground  limestone  and 
caustic  lime  conducted  for  four  years  with  a  variety  of  crops  including  com, 
wheat,  oats,  barley,  sorghum,  clover,  grass,  cowpeas  and  cotton.  He  con- 
cludes that  "in  these  trials  two  tons  of  ground  limestone  proved  somewhat 
superior  to  one  ton  of  burnt  lime." 

Voorhees,  Lipman  and  Brown  (113)  concluded,  with  certain  reservations, 
from  their  investigations  of  the  comparative  value  of  different  forms  of  lime 
that  "the  carbonate  led  to  the  production  of  more  dry  matter,  more  nitrogen 
and  more  ash  than  did  the  burnt  lime." 

Porter  and  Gaut  (91)  conclude  from  their  comparison  of  cob  (kiln)  lime, 
ground  lime  and  ground  limestone  as  top-dressings  for  various  pastures,  with 
and  without  manure,  that  ground  limestone  was  more  profitable  for  grass 
lands  in  need  of  lime  than  CaO. 

Yoka3rama  (124)  maintains  as  a  result  of  experiments  with  oats  grown  in 
sand  cultures  that  precipitated  calciimi  carbonate  is  far  more  effective  than 
fine  limestone  meal  in  increasing  crop  yield. 

Ellett  (19)  emphasizes  the  importance  of  relative  cost  in  calculations  con- 
cerning the  use  of  different  forms  of  lime  and  maintains  that  ground  limestone 
gives  results  as  good  as  those  obtained  with  burnt  lime. 

H.  von  Feilitzen  (21)  found  that  slaked  lime  gave  greater  )delds  than  car- 
bonate, but  the  data  are  not  conclusive.  In  a  later  publication  (22)  the  same 
author  reported  results  obtained  showing  that  caldimi  carbonate  was  as  valu- 
able as  burnt  lime  on  acid  soils  poor  in  lime. 

Wright  (123)  in  investigations  conducted  on  medium  and  light  soils  found 
that  in  the  beginning  burnt  lime  was  superior  to  gas  lime,  but  that  in  the 
seven  succeeding  years  of  the  rotation,  the  latter  was  much  more  beneficial. 
In  that  period  it  gave  a  total  increase  of  more  than  three  times  the  value  of 
that  produced  by  burnt  Ume  and  because  of  the  lower  cost  proved  much  more 
profitable. 

Riggl  (93)  foimd  that  calcium  carbonate  as  a  top-dressing  was  preferable  to 
burnt  lime  except  where  the  latter  was  used  in  very  small  amoimts.  He  is  of 
the  opinion  that  burnt  lime  is  better  than  calcium  carbonate  because  of  the 
physical  and  bacteriological  effects  resulting  from  the  finer  state  of  division 
of  the  particles. 

Voelcker  (HI)  states  as  a  result  of  some  grass  experiments  that  "it  is  still 
early  for  the  application  to  tell,  but  at  the  present  time  if  any  plots  were 
selected  for  choice  they  would  be  plots  4  and  5  where  ground  limestone  and 
ground  chalk,  respectively,  have  been  used.  Groimd  lime  also  seems  to  have 
done  better  than  lump  lime." 

Barker  and  CoUison  (5)  discuss  the  superiority  of  ground  limestone  over 
burnt  lime,  and,  without  publishing  data,  conclude  that  10-mesh  limestone  is 
to  be  recommended. 

Rothert  (94)  in  noting  the  depressing  effect  upon  crop  3deld  of  increased 
quantities  of  burnt  lime  find  that  on  a  loam  soil  barley  gave  a  greater  3deld 
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with  0.5  per  cent  of  calcium  carbonate  than  with  0.25  per  cent  of  burnt  lime. 
In  sand  the  reverse  was  true. 

Lauder,  Fagan  and  Steele  (58)  record  the  beneficial  effects  of  ground  lime 
and  waste  carbonate  for  finger  and  toe  disease.  They  state  that  when  the 
latter  product  is  available  it  may  be  emplo3^d  instead  of  burnt  lime  with 
satisfactory  results. 

Grantham  (56)  in  a  preliminary  report  asserts  that  '^results  thus  far  indi- 
cate that  the  carbonate  of  lime  is  practically  as  effective  as  the  burned  forms 
of  lime  in  promoting  the  decomposition  of  organic  matter  and  the  availability 
of  nitrogen." 

The  effect  upon  soil  reaction  of  applications  of  limestone  has  been  the 
subject  of  investigation  by  the  Pennsylvania  Agricultural  Experiment  Station 
(29,  117,  118).^  In  this  connection  it  may  be  stated  that  Dr.  W.  Frear  has 
contributed  one  of  the  most  valuable  and  comprehensive  surve3rs  of  the 
literature  dealing  with  liming  (30).  Because  of  the  thoroughness  of  his  recent 
bulletin  it  has  been  unnecessary  in  the  present  instance  to  do  more  than 
briefly  indicate  the  nature  of  the  problems  attacked  by  various  investigators 
concerning  pulverized  limestone.  A  mart  complete  discussion  will  be  found 
in  the  above-mentioned  bulletin  which  has  fiunished  material  for  this  bibliog- 
raphy. In  an  experiment  on  nitrification,  White  (118)  found  that  at  the 
end  of  four  weeks  an  increase  in  fineness  of  division  of  limestone  used  was 
responsible  for  a  corresponding  decrease  in  the  lime-requirement  of  the  soil. 
The  influence  of  crops  upon  soil  reaction  has  also  been  an  interesting  point 
established  by  Gardner  and  Brown  (34)  in  plot  experiments  with  white  clover. 
In  general  it  was  found  that  the  soils  of  the  imlimed  plots  showed  an  increase 
in  acidity  on  the  average  after  the  crop  roots  had  been  removed,  and  even 
those  limed  or  treated  with  fine  carbonate  of  lime  in  quantity  sufficient  to 
neutralize  the  original  acidity  were  found  to  be  acid  to  a  slight  degree  after  the 
crop  was  removed. 

Veitch  (109)  has  observed  that  different  plants  affect  the  soil  reaction 
differently. 

Lipman  and  Blair  (64)  found  in  the  course  of  field  experiments  that  after 
a  number  of  years  plots  (including  one  series  unlimed,  the  other  treated  with 
limestone)  were  acid;  those  of  the  imlimed  groups  requiring  from  1000  to  2000 
pounds  (average  1840  pounds)  of  lime  per  acre,  while  those  of  the  limestone- 
treated  group  averaged  about  700  pounds.  Volunteer  clover  sprang  up  on 
most  of  these  plots,  but  its  )deld  on  the  limed  plots  was  double  that  on  the 
unlimed. 

The  beneficial  effect  of  ground  limestone  upon  the  growth  of  legumes  has 
been  observed  by  the  following  investigators:  Baessler  (4),  Hardt  (38),  Lip- 
man  (63),  Stevenson  and  Weston  (100),  Peter  and  Jones  (88)  and  many 
others. 

Various  technical  phases  as  well  as  general  discussions  pertaining  to  ground 
limestone  have  been  treated  in  an  interesting  manner  by  Ames  (2),  Bernard 
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(6),  P.  E.  Brown  (14),  Diimont  (18),  Fippin  (23),  Fischer  (25),  Frear  (30), 
Frcar  and  Thomas  (31),  Johnston  (SO),  Morse  (77),  NeufFer  (81),  Pfeiffer 
(90),  Simmermacher  (99),  Strebut  (101),  Takeuchi  (103),  Wheeler  (115)  and 
Whitson  and  Weir  (119). 

THE  EFFECT  OF  FINENESS  OF  DIVISION  OF    PULVERIZED  LIMESTONE  ON  CROP 
YIELD,   NITROGEN  CONTENT  AND  LIME-REQUIREMENT  OF  VARIOUS   SOILS 

It  is  apparent  from  the  foregoing  review  that  there  is  a  paucity  of  experi- 
mental evidence  concerning  the  different  grades  of  pulverized  limestone  and 
their  relative  value  compared  with  the  burnt  forms  of  lime.  The  practical 
significance  which  attaches  to  this  problem  is  responsible  for  the  following 
greenhouse  experiments  which  were  begun  in  the  summer  of  1914.  Crimson 
clover  was  grown  on  soils  which  may  be  regarded  as  typical  of  rather  ex- 
tensive fertile  areas  in  the  United  States.  These  were  respectively  desig- 
nated as  Carrington  (Iowa)  silt  loam,  Wooster  (Ohio)  silt  loam,  Cumber- 
land (Tennessee)  silt  loam,  Norfolk  (Virginia)  sandy  loam.  Sierra  (California) 
sandy  loam  and  Portsmouth  (New  Jersey)  acid  muck.  They  were  obtained 
through  the  courtesy  of  Dr.  P.  E.  Brown,  Prof.  C.  E.  Thome,  Prof.  C.  A. 
Mooers,  Dr.  J.  W.  Schoene  and  Dr.  J.  G.  Lipman.  The  procedure  was  to 
fill  10-pound  glazed  earthenware  pots  with  soil  to  which  was  added  2  grams 
of  acid  phosphate  (14  per  cent  PgOs)  and  1  gram  of  potassiiim  chloride  (50 
per  cent  KgO).  (All  soils  used  in  this  and  following  experiments  were  from 
unlimed  and  unfertilized  plots  and  were  air-dried,  thoroughly  mixed,  and 
sieved  through  a  12-inesh  sieve.)  Limestone  was  then  added  which  had  been 
pulverized  and  hand-sieved  as  follows:  20  to  40-mesh,  60  to  80-mesh,  100  to 
200-mesh  and  finer  than  200-mesh,  as  well  as  calcium  oxide  (c.p.)  which  had 
been  groimd  in  a  mortar.  The  limestone  used  was  a  xmif orm  crystalline  grey 
limestone  having  the  following  composition: 

ptrctni 

SiO, 3.75 

R,Q, 1.72 

CaCQ, 92.00 

MgCOj ; 3 .  45 

The  lime  was  added  in  quantities  sufficient  to  neutralize  the  soil  acidity 
as  determined  by  the  Veitch  method.  The  lime-requirements  of  the  different 
soils  in  pounds  of  CaO  per  acre  were  as  follows:  Carrington  silt  loam,  3700; 
Wooster  silt  loam,  4000;  Cumberland  silt  loam,  3400;  Norfolk  sandy  loam, 
2300;  Portsmouth  acid  muck,  8733;  and  Sierra  sandy  loam,  alkaline.  Thirty 
tested  seeds  of  crimson  clover  were  planted  in  each  pot  on  February  10.  The 
plants  were  thinned  to  15  in  number  by  April  IS  and  the  pots  kept  at  opti- 
mum temperature  and  moisture  conditions,  being  made  up  to  weight  twice 
weekly.  The  crop  was  harvested  Jime  29.  During  the  warm  weather  thrips 
attacked  the  plants  and  frequent  spraying  with  nicotine  sulfate  became  neces- 
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sary.  However,  the  crops  were  not  unduly  injured.  The  results  of  the  crop 
yield  (dry  matter),  per  cent  of  nitrogen,  nitrogen  content  in  grams,  and  origi- 
nal and  final  lime-requirements  are  recorded  in  tables  1  and  2. 


TABLE  1 
The  effect  of  fineness  of  division  of  pulverited  limestone  on  crimson  clover  and'  lime-requirement 


raMATMMtn 


I. 


S 


H 


ai5 


Norfolk  sandy  loam 


Check  (Minerals) 

5.9  grains,  20-40  mesh... 
5.9  grams,  60-80  mesh... 
5.9  grams,  100-200  mesh. 
5 .9  grams,  200  -|-  mesh. . . 
3.3  grams,  CaO 


gms. 

17.9 
18.9 
23.7 
23.3 
26.5 
29.1 


gms. 

18.9 
22.2 
26.9 
26.0 
27.3 
30.0 


gms. 

18.4 
20.6 
25.3 
24.7 
26.9 
29.6 


1.19 
1.63 
2.04 
2.04 
2.10 
2.00 


per 

cmt 

1.24 
1.75 
2.06 
2.06 
2.09 
2.00 


per 

cent 


.220 


1 

1.69 

2 

2. 

2. 

2. 


050 
050 
100 
000 


gm. 


22 
0.35 

.52 
51 
56 

.59 


pounds 

2,300 
2,300 
2,300 
2,300 
2,300 
2,300 


pounds 

2,500 
1,600 
1,000 
1,000 
700 
900 


pounds 

2,600 
1,700 
1,300 
1,000 
1,000 
1,000 


pounds 

2,600 
1,700 
1,200 
1,000 
900 
1,000 


Wooster  silt  loam 

Check  (Minerals) 

4.9 

5.6 

5.3 

1.48 

1.37 

1.43 

0.08 

4,000 

4,100 

4,000 

4,100 

10.9  grams,  20-40  mesh. . 

7.3 

10.4 

8.9 

1.86 

1.88 

1.87 

0.35 

4,000 

2,700 

2,700 

2,700 

10.9  grams,  60-80  mesh. . 

18.1 

20.5 

19.3 

1.97 

1.93 

1.95 

0.38 

4,000 

100 

300 

200 

10.9  grams,  100-200  mesh 

21.0 

23.4 

22.2 

1.86 

1.75 

1.81 

0.40 

4,000 

200 

200 

200 

10.9  grams,  200  +  mesh. . 

20.9 

21.8 

21.4 

1.72 

1.81 

1.77 

0.38 

4,000 

400 

600 

500 

6. 1  grams,  CaO 

20.3 

21.9 

21.1 

1.64 

1.67 

1.66 

0.35 

4,000 

200 

200 

m) 

Carrington  silt  loam 


Check  (Minerals) 

26.9 

18.8 

22.9 

2.01 

2.00 

2.01 

0.46 

3,700 

3,800 

3,700 

3,800 

10.0  grams,  20-40  mesh. . 

28.0 

30.2 

29.1 

1.89 

1.85 

1.87 

0.54 

3,700 

2,400 

2,800 

2,600 

10.0  grams,  60-80  mesh. . 

26.3 

30.1 

28.2 

2.06 

2.12 

2.09 

0.59 

3,700 

1,200 

1,900 

1,600 

10.0  grams,  100-200  mesh 

25.6 

32.9 

29.3 

2.17 

2.14 

2.16 

0.64 

3,700 

100 

100 

100 

10.0  grams,  200  +  mesh.. 

31.5 

33.6 

32.6 

2.17 

2.21 

2.19 

0.71 

3,700 

100 

100 

100 

5.6grams,CaO 

30.7 

39.5 

35.1 

2.04 

2.03 

2.04 

0.72 

3,700 

300 

500 

400 

Cumberland  silt  loam 


Check  (minerals) 

7.6 

7.7 

7.7 

1.41 

1.41 

1.41 

0.11 

3,400 

4,000 

4,000 

4,000 

9  grams,  20-40  mesh 

10.0 

10.6 

10.3 

1.48 

1.42 

1.45 

0.15 

3,400 

2,700 

2,700 

2,700 

9  grams,  60-80  mesh 

24.7 

12.7 

18.7 

2.07 

2.04 

2.06 

0.39 

3,400 

1,900 

1,500 

1,700 

9  grams,  100-200  mesh.. . . 

18.8 

19.4 

19.1 

1.92 

1.93 

1.93 

0.37 

3,400 

1,100 

1,100 

1,100 

9  grams,  200  +  mesh 

19.7 

20.7 

20.2 

2.00 

2.04 

2.02 

0.41 

3,400 

900 

700 

800 

5  grams,  CaO 

13.3 

18.6 

16.0 

2.05 

2.04 

2.05 

0.33 

3,400 

1,100 

1,600 

1,400 
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TABLE  2 
Tk€  effect  of  fineness  of  division  of  pulverized  limestone  on  crimson  clover  and  lime-requirement 


TUBATMKMT 


WBIGQBT 
07  CROP 


DUPLI- 
CATB 


AVEK- 
AOB 


NITRO- 
GEN 


NITRO- 
OBN 


AVBR- 
AGB 

N1TRO- 
OBN 


TOTAL 

NITRO- 

GBN 


Sierra  sandy  loam 


Check  (Minerals) 

2.6  grams,  2(M0  mesh. . . 
2.6  grams,  60-80  mesh. . . 
2.6  grams,  100-200  mesh. 
2.6 grams,  200  +  mesh... 
1 .46  grams,  CaO 


grams 

grams 

grams 

percent 

percent 

percent 

32.3 

37.0 

34.7 

2.06 

2.01 

2.04 

37.0 

41.5 

39.8 

1.94 

1.92 

1.93 

44.6 

45.3 

45.0 

1.92 

1.90 

1.91 

36.5 

38.0 

37.2 

1.68 

1.70 

1.69 

32.7 

33.0 

32.9 

1.93 

1.88 

1.91 

31.0 

27.8 

29.4 

1.80 

1.77 

1.79 

gram 

0.71 
0.77 
0.86 
0.63 
0.63 
0.53 


Portsmouth  acid  muck 


Check  (minerals) 

2  grams,  20-40  mesh 

2  grams,  60-80  mesh 

2  grams,  100-200  mesh. 
2  grams,  2(X)  +  mesh. . . 


0.2 
18.9 
21.9 
23.7 
22.9 


Commercial,  200  mesh 23.2     24.2     23.7     2.10     2.04     2.07     0.49 


0.3 
18.5 
22.0 
23.9 
25.1 


0.3 
18.7 
22,0 
23.8 
24.0 


2.42 
1.66 
2.04 
2.12 
2.24 


2.43 
1.62 
2.10 
2.14 
2.20 


2.43 
1.64 
2.07 
2.13 
2.22 


0.01 
0.31 
0.46 
0.51 
0.53 


Discussion 

To  facilitate  the  discussion  of  the  results  recorded  in  tables  1  and  2,  a  sum- 
mary is  presented  in  table  3. 

Table  3  shows  the  relative  effect  of  fineness  of  division  of  pulverized  lime- 
stone and  burnt  lime  on  crop  yield  on  five  typical  soils.  It  will  be  observed 
that  in  the  case  of  the  Norfolk  sandy  loam  an  increase  in  fineness  of  division 
was  accompanied  (with  one  exception)  by  an  increase  in  crop  yield.  The 
20Q-mesh  gave  a  jrield  almost  one-third  greater  than  the  20-mesh  limestone. 
On  this  soil  burnt  lime  proved  superior  to  even  the  finest  grade  of  limestone. 
The  Wooster  silt  loam  likewise  exhibits  an  increase  in  crop  jrield  with  an  in- 
crease in  fineness  of  division  of  pulverized  limestone  up  to  the  finest  grade. 
It  will  be  noted  that  the  burnt  lime,  as  well  as  the  latter,  falls  below  the 
jrield  obtained  with  100-mesh  limestone.  This  may  be  interpreted  as  indicat- 
ing that  the  200-mesh  limestone  and  burnt  lime  were  especially  active  in  the 
neutralizing  of  the  soil  acidity  at  the  outset  of  the  experiment,  but  permitted 
a  greater  subsequent  accumulation  of  acidity.  The  Carrington  silt  loam  re- 
sponded to  an  increase  in  fineness  of  division  of  pulverized  limestone  which 
was  responsible  for  an  increase  in  crop  yield  (with  one  exception).  The  burnt 
lime  proved  superior  to  all  grades  of  limestone  on  this  heavy  soil  rich  in 
organic  matter.  The  Cumberland  silt  loam  otherwise  shows  very  strikingly 
that  an  increase  in  fineness  of  division  of  pulverized  limestone  is  accompanied 
by  an  increase  in  crop  yield.    In  this  case  the  200-mesh  proved  to  be  doubly 
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as  efficient  as  the  20-inesh  limestone.  The  burnt  lime  ytbs  slightly  inferior  to 
the  former.  Thus,  averaging  the  results  for  these  soils  in  the  last  column  of 
table  3,  it  will  be  seen  that  with  an  increase  in  fineness  of  division  of  pul- 
verized limestone  there  ¥ras  a  proportional  increase  in  crop  yield.  Further- 
more the  200-mesh  proved  to  be  fully  one-third  again  as  valuable  as  the  20- 
mesh  limestone.    Practically  all  the  forms  of  lime  gave  double  the  yield 

TABLE  5 

Summary  showing  rdoHve  effect  of  fineness  of  division  of  pulverized  limestone  and  CaO  on  the 
crop  yield,  total  nitrogen  in  grams,  and  decrease  in  per  cerU  of  Hme-requirement  of  five 
typical  soils 


TRBATMENT 


NOItrOLK 
SANDY 
LOAM 


WOOffTUt 
SILT  LOAM 


CAUtlNOTON 
SILT  LOAM 


CUMBSK- 

LAND  SILT 

LOAM 


SANDY 

LOAM* 


Crop  yield 


Check 

20-40  mesh. . . 
60-80  mesh. . . 
100-200  mesh. 
200  +  mesh. . . 
CaO 


100 

100 

100 

100 

100 

112 

357 

127 

134 

115 

138 

364 

123 

243 

130 

134 

419 

130 

248 

108 

146 

404 

142 

262 

95 

161 

398 

153 

208 

85 

100 
183 
217 
233 
239 
230 


Total  nitrogen  in  grams 


Check 

20-40  mesh. . . 
60-80  mesh.  . . 
100-200  mesh. 
200  +  mesh. . . 
CaO 


100 

100 

100 

100 

100 

159 

438 

117 

136 

108 

236 

475 

128 

355 

121 

231 

500 

139 

336 

89 

255 

475 

154 

373 

.89 

268 

438 

157 

300 

75 

100 
213 
299 
302 
314 
291 


Check 

20-40  mesh. . . 
60-80  mesh. . . 
100-200  mesh. 
200+  mesh... 
CaO 


Decrease 

in  lime-requirement 

100 

100 

100 

100 

135 

134 

132 

133 

154 

195 

158 

158 

162 

195 

197 

173 

165 

188 

197 

180 

162 

151 

189 

165 

100 
134 
166 
181 
183 
167 


*  Not  averaged. 

obtained  on  the  imlimed  soils.  There  is  little  choice  between  the  yields  ob- 
tained with  burnt  lime  and  200-mesh  limestone  since  each  was  superior  in  two 
of  the  four  instances.  Obviously,  the  chemical  and  physical  nature  of  the 
soil,  together  with  its  content  of  organic  matter,  are  the  determining  factors 
in  the  interpretation  of  such  results. 

The  Sierra  sandy  loam  which  was  originally  alkaline  presented  a  pecuUar 
phenomenon,  namely,  the  coarser  limestones  which  act  more  slowly  gave  an 
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increased  crop  )deld  while  the  finer  material  and  burnt  lime  were  responsible 
for  a  decrease.  The  interpretation  which  many  placed  upon  these  facts  is 
that  the  more  rapidly-acting  forms  of  lime  cause  certain  chemical  transfor- 
mations to  take  place  in  the  soil  which  prove  unfavorable  to  crop  growth. 
The  results  obtained  with  Portsmouth  acid  muck  are  presented  in  table  2. 
Here  again  it  is  evident  that  an  increase  in  fineness  of  division  of  pulverized 
limestone  is  accompanied  by  an  increase  in  crop  yield.  It  is  interesting  to 
note  that  with  the  commercial  product  used  ("Edison  Pulverized  Limestone," 
80  per  cent  of  which  is  guaranteed  to  pass  a  20Q-mesh  sieve)  the  crop  yield 
was  identical  with  that  obtained  with  100  to  20Q-mesh  material,  thereby 
fulfilling  its  guarantee  by  crop  yield  as  well  as  mechanical  analysis. 

The  importance  of  the  nitrogen  content  of  a  leguminous  crop  is  imiver- 
sally  recognized  alike  for  its  feeding  value  and  its  fertilizing  value  in  a  cover 
crop.  Simamary  table  3  shows  the  relative  eflFect  of  fineness  of  division  of 
pulverized  limestone  and  burnt  Ume  on  the  total  nitrogen  (in  grams)  of  crim- 
son clover.  It  is  apparent  that  in  practically  all  instances  the  crop  yield  is 
paralleled  by  the  total  nitrogen  content;  that  is,  with  an  increase  in  fineness 
of  division  of  pulverized  Umestone  there  is  an  increase  in  the  total  nitrogen 
content  of  the  crop.    This  is  well  illustrated  in  figure  1. 

Undoubtedly,  a  highly  essential  consideration  in  the  choice  of  the  dif- 
ferent forms  of  lime  (aside  from  the  paramount  one  of  cost)  is  the  power  to 
neutralize  soil  acidity.  In  the  present  experiment,  the  Veitch  lime-require- 
ment of  the  various  soils  was  determined  at  the  outset,  as  previously  recorded. 
After  the  crops  had  been  harvested  representative  samples  were  obtained  from 
each  pot  and  the  lime-requirement  again  determined.  In  this  manner  it  was 
possible  to  obtain  an  index  as  to  the  reduction  in  the  lime-requirements  of 
these  soils  by  the  different  forms  of  lime  employed.  While  the  Veitch  method 
is  open  to  objection  for  this  purpose  because  of  the  fact  that  any  residue  of 
limestone  would  be  soluble  to  the  degree  of  its  fineness  and  thus  artificially 
weight  the  results,  nevertheless,  this  method  was  adopted  since  it  is  so  widely 
used  and  great  accuracy  is  not  imperative.  It  is,  then,  interesting  to  note 
that  with  but  few  exceptions  an  increase  in  fineness  of  division  of  pulverized 
limestone  is  responsible  for  a  proportional  decrease  in  the  lime-requirements 
of  the  soils  under  consideration.  As  shown  in  table  3,  the  200-mesh  proved 
to  be  two  and  one-half  times  as  effective  as  either  the  60-mesh  limestone  or 
burnt  limestone.  The  explanation  previously  suggested  may  be  offered  again 
in  this  connection,  namely,  the  burnt  lime  may  have  been  much  more  efficient 
in  reducing  the  lime-requirement  initially,  but  that  it  was  used  up  so  rapidly 
as  to  allow  a  subsequent  development  of  acidity.  In  general  the  decrease  in 
lime-requirement  as  a  result  of  fineness  of  division  is  quite  closely  correlated 
with  crop  yield  and  total  nitrogen  content  as  shown  in  figure  1. 

Thus  the  points  which  have  been  established  in  this  experiment  may  be 
summarized  as  follows: 
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1.  Soils  representative  of  extensive  fertile  areas  namely,  Norfolk  and 
Sierra  sandy  loams,  Carrington,  Wooster  and  Cumberland  silt  loams  and 
Portsmouth  add  muck,  when  growing  crimson  clover  in  pots,  produced  similar 
results  when  treated  with  limestone  pulverized  20  to  40,  60  to  80,  100  to  200, 
finer  than  200-mesh  and  burnt  lime  (c.p.). 


290 


26C 


•Total 
•Lime  - 


Yield 


N  inGm. 
Req.Decr 


^        20-40       60-80      100-200       200^1^         5aO 
Grades  of  Limestone 


Fig.  1.  Diagram  Showing  ihe  Epfect  of  Dupeiient  Degrees  of  Nitrogen,  in  Grams, 
AND  THE  Decrease  in  Lime-Requirement  of  Several  Soils,  Expressed  in  Per  Cent 

2.  An  increase  in  fineness  of  division  of  pulverized  limestone  was  accom- 
panied by  a  proportional  increase  in  crop  yield  and  total  nitrogen  content 
and  a  corresponding  decrease  in  lime-requirement,  a  close  correlation  existing 
between  these  factors. 

3.  Two-hundred-mesh  proved  one-third  again  as  effective  in  influencing 
crop  yield  as  20-mesh  limestone,  and  more  than  twice  as  effective  in  reducing 
the  lime-requirement  of  soils. 


Digitized  by 


Google 


INTLUENCE  OF  LIMESTONE   ON  CROP  YIELD  31 

4.  There  was  little  choice  between  burnt  lime  and  200-inesh  limestone, 
though  in  general  the  latter  appeared  preferable.  Burnt  lime  proved  superior 
to  coarse  limestone. 

TEE  KATE  OF  NEUTRALIZATION  OF  SOIL  ACIDITY  AS  INFLUENCED  BY  DIFFERENT 
DEGREES  OF  FINENESS  OF  PULVERIZED  LIMESTONE 

In  view  of  the  enhanced  effects  accruing  from  the  increased  fineness  of 
division  of  pulverized  limestone,  the  practical  question  arose  regarding  the 
value  of  the  different  grades  of  pulverized  limestone  and  burnt  lime  with 
regard  to  the  rate  of  neutralization  of  soil  acidity.  Obviously,  this  is  of 
great  significance  to  the  farmer  who  is  seeking  to  neutralize  the  soil  acidity 
so  that  a  crop  may  be  planted  without  undue  delay.  Since  no  previous  work 
bearing  directly  upon  this  point  could  be  foimd  it  became  necessary  to  devise  a- 
method  for  measuring  the  rate  of  neutralization  of  acidity  in  soil  treated 
with  different  grades  of  limestone  and  burnt  lime.  The  Veitch  method  hardly 
lent  itself  to  tiis  purpose  because  of  the  fact  that  the  water-bath  treatment 
would  result  in  different  quantities  of  residual  limestone  going  into  solution, 
thereby  invalidating  any  comparative  results.  Therefore,  it  was  deemed  ad- 
visable to  measure  the  rate  of  neutralization  by  the  carbon  dioxide  evolved. 
This  was  accomplished  by  adding  a  known  amount  of  limestone  to  the  soil 
(sufficient  to  satisfy  the  Veitch  lime-requirement)  which  was  calculated  to  its 
carbon  dioxide  content.  At  certain  intervals  the  carbon  dioxide  remaining 
in  the  soil  was  determined,  the  loss  of  carbon  dioxide  compared  with  the 
original  carbon  dioxide  content  representing  the  amount  of  limestone  which 
had  been  used  up  in  neutralizing  the  soil  acidity.  The  method  employed  is 
virtually  a  modification  of  that  used  by  Tacke  (92)  and  Truog  (108),  the  ap- 
paratus being  arranged  as  in  figure  2.^ 

The  procedure  was  as  follows: 

Ten  grams  of  soil  were  placed  in  the  250-cc.  Florence  Flask  (A)  and  15  cc.  of  HCl  (1: 3) 
ran  in  through  the  separatory  funnel  (£).  Enough  boiling  water  was  then  added  to  nloke 
up  a  volume  of  about  75  cc.  and  the  solution  heated  up  to  the  boiling  point  in  two  min- 
utes and  kept  there  for  one  minute.  The  heat  applied  with  a  Bunsen  flame  was  regulated 
in  such  a  manner  as  to  keep  the  rate  at  which  the  bubbles  passed  through  the  tower  of 
beads  (D)  approximately  constant  and  not  very  rapid.  The  tower  (D)  held  a  measured 
quantity  of  Ba(OH)s  and  a  few  drops  of  phenolphthalem,  as  did  the  200-cc.  Erlenmeyer 
flask  at  E  which  served  as  a  safety  flask  for  any  carbon  dioxide  which  might  not  be  held 
at  D.  After  heating  for  three  minutes  the  pinchcock  at  C  was  closed  and  the  flask  A  filled 
with  boiling  water  from  an  inverted  wash  bottle.  In  order  to  do  this  properly  it  was  usu- 
ally necessary  to  suck  on  the  rubber  tube  at  G  while  cautiously  opening  the  pinchcock  at  C 
Any  sudden  changes  in  room  temperature  or  air  currents  from  open  windows,  etc.,  must  be 
guarded  against  When  the  water  mounted  to  P  the  stop-cock  at  that  point  was  closed; 
thus  all  the  carbon  dioxide  present  in  the  Florence  flask  has  been  displaced  by  boiling  water. 
Hie  barium  hydrate  solution  in  D  (standardized  so  that  1  cc.  was  equivalent  to  0.23  mgm. 

*  The  writer  is  indebted  to  Mr.  R.  E.  Curtis  for  his  valuable  suggestions  in  this  connection. 
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of  COs)  was  then  emptied  into  a  funnel  placed  in  a  500-cc.  Erlenmeyer  flask.  The  beads 
remained  on  the  funnel  and  were  thoroughly  washed  with  boiling  water,  as  was  the  cham- 
ber D  and  the  flask  E^  the  contents  of  which  also  had  beep  emptied.  The  solution  of  Ba(OH)t 
was  then  titrated  with  oxalic  add  equal  in  strength  to  the  Ba(OH)s.  Thus  the  amount  of 
Ba(OH)s  which  was  used  in  absorbing  the  carbon  dioxide  evolved  was  determined  and  the 
latter  calculated  accordingly.  It  might  be  mentioned  that  when  small  quantities  of  Ba(OH)t 
were  placed  in  D  enough  COrfree  water  was  added  to  bring  the  voliune  just  below  the 
connecting  tube,  and  a  small  quantity  of  water  was  added  also  to  £,  so  that  the  tube  dipped 
below  the  liquid.  The  ease  in  manipulation  and  the  fact  that  it  required  only  ten  to  fifteen 
minutes  to  complete  a  determination  were  primary  considerations  in  the  adoption  of  this 
method.    The  duplicates  checked  quite  closely. 


Fig.  2.  Diagram  of  ApparatusJUsed  in  Determining  Carbon  Dioxide  in  Soil 

The  following  investigators  have  considered  the  solubility  of  calcium  car- 
bonate. Cameron  and  Bell  (15),  Holleman  (43),  Le  Blanc  and  Novotny  (59), 
Schloessing  (97),  Treadwell  and  Reuter  (107),  Warington  (114),  Whipple  and 
Mayer  (116),  while  Gerlach  (35)  has  compared  the  solubility  of  limestone  pul- 
verized to  different  degrees  of  fineness.  With  regard  to  the  difference  in  the 
number  of  particles  per  cubic  foot  of  limestone  when  pulverized  to  different 
grades,  the  following  data  have  been  obtained  through  the  courtesy  of  Dr.  H. 
E.  Kieffer .    One  cubic  foot  of  limestone  will  make  64,000,000  pieces  which  will 
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P90S  a  12-inesh  sieve,  and  512,000,000,000  pieces  which  will  pass  a  20()-inesh 
sieve;  thus  the  finer  grinding  in  this  case  means  8000  times  the  number  of 
particles  obtained  with  the  coarser  grinding.  Or  calculating  it  in  another 
way,  1  ton  of  12-mesh  limestone  when  applied  to  the  soil  would  give  17,337 
pieces  for  each  square  foot,  while  1  ton  of  20Q-mesh  limestone  would  give 
13,869,051  pieces  per  square  foot.  The  importance  of  this  both  from  the 
point  of  imif  orm  distribution  and  increased  solubility  cannot  be  over-estimated. 

The  influence  of  calcium  carbonate  on  organic  matter  has  been  the  subject 
of  investigations  by  Frear  (30),  Kossowitch  (55),  Lemmerman  (60),  Peterson 
(89)  and  Wollny  (121).  It  is  evident  that  the  organic  matter  of  the  soil  would 
be  attacked  in  var3dng  degrees  by  different  grades  of  pulverized  limestone. 

The  present  experiment  was  carried  out  first  with  Norfolk  sandy  loam  and 
Penn  clay  loam  and  later  with  Sassafras  sandy  loam.  Five-pound  glazed 
earthenware  pots  were  filled  with  1500  grams  of  Norfolk  sandy  loam  and  1200 
grams  of  Penn  clay  loam,  respectively.  The  lime-requirement  of  the  former, 
according  to  the  Veitch  method,  was  2200  pounds  and  the  latter  1100  pounds 
of  CaO  per  acre.  Limestone  of  the  different  grades  previously  referred  to  and 
burnt  lime  (c.p.)  were  added  in  sufficient  amount  to  neutralize  the  lime-re- 
quirements of  the  soils  to  be  treated.  The  amount  of  limestone  added  was 
GEdculated  on  the  basis  of  90  per  cent  purity.  Each  treatment  was  carried 
out  in  duplicate,  and  untreated  soils  served  as  checks.  The  pots  were 
tared,  filled  with  the  proper  quantity  of  soil,  20  cc.  of  a  soil  infusion  (known  to 
contain  the  more  important  soil  organisms  in  abundance)  were  added  and 
enough  distilled  water  to  bring  the  soils  up  to  their  respective  optimum  mois- 
ture contents,  namely,  13  per  cent  for  the  Norfolk  sandy  loam  and  26  per 
cent  for  the  Penn  clay  loam.  The  pots  were  supplied  with  glass  covers  to 
prevent  evaporation  and  incubated  in  a  dark  room  at  20°C.  for  7  weeks. 
Moisture  was  added  as  required  to  the  soils  uniform  throughout  the  duration 
of  the  experiment.  At  the  end  of  3  weeks,  the  soil  in  each  pot  was  care- 
fully mixed  and  a  representative  sample  of  100  grams  removed,  dried  and 
anal3rsed  for  carbon  dioxide  content  by  the  method  previously  described.  The 
same  procedure  was  repeated  at  the  end  of  7  weeks. 

In  table  4  will  be  found  the  amounts  of  COs  present,  in  the  soils  variously 
treated  at  the  end  of  3  weeks.  The  last  column  of  the  table  was  calcu- 
lated in  the  following  manner.  The  amount  of  limestone  applied  per  10  grams 
of  Norfolk  sandy  loam  was  equivalent  to  5.7  mgm.  of  COj.  The  check  soils 
indicated  the  presence  of  3.8  mgm.  of  CO2,  therefore,  the  total  COj  content 
of  each  soil  was  9.5  mgm.  The  CO2  found  to  be  present  In  10  grams  of  soil  in 
each  pot  after  3  weeks  was  then  subtracted  from  9.5  mgm.  of  COj  and  the 
remainder  recorded  the  mgm.  of  CO2  used  (calcium  carbonate)  in  neutralizing 
soil  acidity.  It  is  evident  from  the  results  secured  with  both  Norfolk  sandy 
loam  and  Penn  clay  loam  that  an  increase  in  fineness  of  division  of  pulver- 
ized limestone  was  accompanied  by  a  proportional  increase  in  the  amount  of 
calcium  carbonate  used  up  in  neutralizing  the  addity  of  the  soil.    The  chief 
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point  of  interest,  however,  lies  in  the  fact  that  the  limestone  finer  than  60-mBah 
had  neutralized  the  soil  acidity  at  the  end  of  3  weeks,  while  this  was  not 
the  case  with  the  20-mesh  product.  It  appears  that  the  finer  grades  of  lime- 
stone, as  well  as  the  burnt  lime  (which  had  also  neutralized  the  soil  addity  in 
this  period  of  time)  had  begun  to  attack  the  organic  matter  of  the  soil. 

The  results  obtained  at  the  end  of  7  weeks  as  shown  in  table  5  indi- 
cated that  the  coarse  limestone  had  very  nearly  succeeded  neutralizing  the 
soil  acidity  in  the  Norfolk  sandy  loam  but  was  not  quite  so  effective  in  the 
Penn  clay  loam.  The  other  grades  of  limestone  exhibited  practically  no 
di£Ferenoes  other  than  those  already  noted.  Thus  from  the  foregoing  data  it 
appears  that  the  finer  grades  of  limestone  neutralize  the  soil  acidity  in  3 

TABLE  4 

Tk9  effect  of  fineness  of  division  of  pulverised  limestone  on  the  neutralisation  of  acidity  as  meas- 
ured by  COi  present  after  three  weeks'  incubation 


COi 


CO. 


COa 


COi 


Norfolk  sandy  loam 


Check 

mgm. 
3.7 
6.3 
3.1 
3.0 
1.6 
1.4 

3.9 
7.5 
3.2 
2.3 
1.8 
1.6 

mgm. 
3.8 
6.9 
3.2 
2.7 
1.7    . 
1,5 

mgm 

20-  ^nmfffb,    ,     , 

2.6 

tf^mni^li 

6.3 

100-200  mesh 

6.8 

200  +  Tne9h 

7.8 

CaO 

8.0 

Penn  clay  loam 


Check 

4.6 
6.9 
5.6 
4.1 
3.2 
2.8 

4.7 
7.3 
5.5 
4.0 
3.9 
2.4 

4.7 
7.1 
5.6 
4.1 
3.6 
2.6 

20-  40  mesh 

1.4 

60-  80  mesh 

2.9 

100-200  mesh 

4.4 

200  +  mesh 

4.9 

CaO 

5.9 

weeks  even  in  soils  of  such  widely  divergent  types  as  those  employed  in  the 
present  instance.  In  this  respect  they  proved  to  be  as  efficient  as  burnt 
lime.  The  coarser  limestone,  on  the  other  hand,  required  more  than  double 
this  period  of  time  to  neutralize  the  soil  acidity.  Wilkins  (120),  in  unpub- 
lished data,  has  shown  that  in  a  given  period  of  time  an  increase  in  fineness 
of  division  of  pulverized  limestone  is  responsible  for  an  increased  production 
of  CO2  and  nitrates. 

In  order  to  obtain  further  corroboration  of  the  points  brought  out  in  the 
preceding  experiment,  the  latter  was  repeated  under  similar  conditions  with 
another  soil,  namely.  Sassafras  sandy  loam  having  a  lime-requirement  of  3300 
pounds  of  CaO  per  acre.    An  additional  feature  was  the  use  of  two  and  one- 
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half  times  the  amount  of  20-mesh  limestone  as  required  in  order  to  determine 
whether  larger  amounts  of  coarser  limestone  wotdd  be  as  effective  as  smaller 
amounts  of  finer  material  in  a  short  period  of  time.'  This  seemed  advisable 
in  view  of  the  fact  that  the  pot  experiments  previously  referred  to  indicated 
that  the  20Q-mesh  limestone  was  most  effective  in  neutrali^g  acidity  and 
further  because  the  same  proportion  was  maintained  with  regard  to  the  rate 
of  time  required  for  neutralization. 

TABLE  5 

The  effect  of  fineness  of  division  of  pulverised  limestone  on  the  netdralitation  of  acidity  as  meas- 
ured  by  COs  present  after  seven  weeks*  incubation 


TM5ATI1BMT 


COi 


COi 


AVKRAGB  COs 


INCKSASB    OVBft 
COll 


Norfolk  sandy  loam 


Check 

• 
mgrn. 

2.4 
3.5 
3.0 
1.7 
1.8 
1.6 

mgrn. 
2.7 
4.4 
2.6 
1.8 
2.1 
1.6 

mgm, 
2.6 
4.0 
2.8 
1.8 
2.0 
1.6 

mgm. 

20-  40tnf9>i 

4.3 

60-  80  mesh 

5.5 

100-200  mesh 

6.5 

200+mwh 

6.3 

CaO 

6.7 

Penn  day  loam 


Check 

3.8 
6.0 
4.2 
2.6 
2.6 
1.7 

3.7 
5.8 
4.7 
2.9 
2.9 
1.7 

3.8 
5.9 
4,5 
2.8 
2.8 
1.7 

20-  40  mesh 

1.7 

60-  80  mesh 

3.1 

100-200  mesh. . .' 

4.8 

200  +  mesh 

4.8 

CaO , 

5.9 

The  results  as  recorded  in  table  6  are  substantially  the  same  as  those  ob- 
tained with  the  other  soil  types,  namely,  with  an  ihoease  in  fineness  of  pul- 
verized limestone  there  is  an  increased  amount  of  calcium  carbonate  used 
in  neutralizing  soil  acidity.  Concerning  the  salient  point  of  this  investiga- 
tion it  is  apparent  that  the  20Q-mesh  has  required  but  two  weeks  to  effect 
neutralization,  the  60-mesh  requires  three  to  four  weeks,  while  the  20-mesh 
limestone  requires  a  still  longer  period  of  time.  The  burnt  lime,  as  might  be 
anticipated,  neutralized  the  soil  acidity  in  the  first  week  and  must  be  con- 
sidered as  more  rapid  in  its  activity  than  even  the  finest  grade  of  limestone 
used.  Glancing  at  the  results  obtained  with  the  increased  quantity  of  coarse 
limestone,  it  will  be  noted  that  it  proved  fully  as  effective  as  the  finest 
limestone. 

Thus  the  preference  for  finer  over  coarser  limestone  would  resolve  itself 
chiefly  to  a  question  of  economy  in  purchase,  hauling,  distribution,  etc.    The 

»  The  writer  is  indebted  to  Mr.  CM.  Haensler  for  suggesting  this  point. 
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TABLE  6 


The  rate  of  neuiraUzaUon  of  acidity  by  different  degrees  of  fineness  of  ptdverized  limestone  in 

Sassafras  sandy  loam 


TRKATMSMT 


COt 


co« 


AVBRAOE  COs 


COt 


After  one  week 


Check 

20-40  mesh 

2.5  X  20-40 mesh. 

60-  80  mesh 

100-200  mesh 

200  + mesh 

CaO 


5.1 
7.2 
5.1 
5.5 
6.4 
7.1 


Second  week 


Check 

20-40  mesh 

2.5  X  20-40 mesh. 

60-  80  mesh 

100-200  mesh. .... 

200  -h  mesh 

CaO 


'4.5 
8.4 
5.7 
6.8 
8.6 
8.7 


Third  week 


Check 

20-  40  mesh 

2.5  X  20-40  mesh. 

60-  80  mesh 

100-200  mesh 

200  +  mesh 

CaO 


4.2 
8.5 
6.0 
6.5 

7.3 
8.4 


Fourth  week 


Check 

20-  40  mesh 

2.5  X  20-40  mesh. 

60-  80  mesh 

100-200  mesh 

200  -f  mesh 

CaO 


4.1 
8.8 
5.4 
7.1 
8.0 
8.0 


points  established  in  the  preceding  experiments  may  be  simimarized  as 
follows: 

1.  An  apparatus  is  described  for  measuring  the  rate  of  neutralization  of 
acidity  by  different  degrees  of  fineness  of  pulverized  limestone. 
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2.  It  was  found  that  with  Norfolk  sandy  loam  as  well  as  with  Penn  day 
loam  an  increase  in  fineness  of  division  of  pulverized  limestone  was  responsible 
for  an  increase  in  amount  of  limestone  used  up  in  the  neutralization  of  soil 
acidity. 

3.  At  the  end  of  three  weeks  the  limestone  finer  than  60  to  80-mesh  had 
neutralized  the  acidity  in  both  soils,  while  20  to  40-mesh  limestone  required 
something  more  than  seven  weeks  to  accomplish  the  same  result.  The  finer 
mesh  limestone  was  as  effective  in  three  weeks  as  burnt  lime. 

4.  With  Sassafras  sandy  loam,  the  above  results  were  corroborated  by 
weekly  determinations*  In  this  soil  the  burnt  lime  neutralized  the  addity 
in  one  week,  the  20O-mesh  limestone  required  two  weeks,  the  60-mesh  three 
to  four  weeks  and  the  20-mesh  even  a  longer  period  of  time. 

5.  Twenty-mesh  limestone  used  in  quantities  two  and  one-half  times  as 
great  as  fine  limestone  proved  fully  as  effective  as  the  latter  in  three  weeks 

THE  FINENESS  OF  DIVISION  OF  PULVERIZED  LIMESTONE    AS  INFLUENCING  THE 
BACTERIOLOGICAL  ACTIVITIES  IN  THE  SOIL 

No  study  of  a  soil  amendment  could  be  considered  adequate  without  an 
investigation  concerning  its  effect  upon  the  activities  of  the  soil  microor- 
ganisms. This  is  especially  true  of  lime  since  it  determines  to  such  a  marked 
degree  the  reaction  of  the  soil.  So  far  as  the  writer  has  been  able  to  ascertain 
only  one  experiment  has  been  reported  which  deals  with  the  effect  of  fineness 
of  division  of  pulverized  limestone  upon  soil  biological  activities.  This  work 
has  been  done  at  the  Pennsylvania  Agricultural  Experiment  Station  (117), 
where  a  study  was  being  made  of  the  effects  of  pure  and  magnesian  limestone 
upon  the  formation  of  nitrate  as  compared  with  equivalent  amounts  of  burned 
lime.^  It  was  found  that  an  increase  in  the  fineness  of  division  of  pulverized 
limestone  caused  an  increase  in  nitrification.  Burnt  lime  proved  superior  to 
any  grade  of  limestone  used. 

The  fact  that  in  general  lime  increases  the  number  of  soil  organisms  has 
been  observed  by  Brown  (11),  Engberding  (20),  Hutchinson  (46),  and  Miller 
(74).  Again  the  evidence  of  Brown  (11),  Hutchinson  (41),  MacLennan  (47, 
48),  Kelly  (52),  Koch  (54),  Krueger  (57),  Lipman  (62,  63),  Lipman,  Brown 
and  Owen  (66,  67),  Paterson  and  Scott  (83),  and  Peck  (87),  pomts  to  the 
fact  that  lime  increases  ammonification.  The  stimulating  effect  of  lime  upon 
nitrification  has  been  investigated  by  Brown  (11),  Densch  (17),  Fischer  (24), 
Fittbogen  (26),  Fraps  (28),  Fred  (52),  Kelley  (51,  52),  Lyon  and  Bizzell  (67), 
Lipman  (62),  McBethand  Wright  (71),  Miller  (73),  MUller  and  Weiss  (79),  Owen 
(82),  Peck  (86),  Scales  (96),  Wilkins  (120),  and  Wright  (123).  Denitrification 
studies  have  been  performed  by  Lemmerman  and  Fischer  (60),  Lipman  (62), 

*  Burgess  has  found  that  nitrification  is  increased  by  fine  material  compared  with  coarse. 
Burgess,  P.  S.,  Nitrification  as  a  measure  of  the  availability  of  different  forms  of  calcium 
carbonate  when  employed  as  correctors  of  soil  acidity.    In  Soil  Sd.  (soon  to  appear). 
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and  Vogel  (112).  Finally,  the  influence  of  lime  on  nitrogen-fixation  has  been 
investigated  by  Brown  (11),  Engberding  (20),  Hoffman  and  Hammer  (42), 
Koch  (55),  Krainskii  (56),  Krueger  (57),  Lipman  (62),  and  Vogel  (112). 

In  the  light  of  the  interesting  differences  obtained  in  crop  yield  and  neu- 
tralization of  soil  acidity  it  seemed  advisable  to  carry  out  some  experiments 
to  determine  the  effect  of  different  degrees  of  fineness  of  pulverized  limestone 
on  ammonification,  nitrification  and  nitrogen-fixation.  An  attempt  was  made 
to  correlate  these  biological  activities  with  the  rate  of  neutralization  of  soil 
addity  in  the  following  manner.  Norfolk  sandy  loam  and  Penn  day  loam 
were  incubated  for  seyen  weeks  in  5-pound  glazed  earthenware  pots  with 
different  grades  of  pulverized  limestone  and  burnt  lime,  under  the  same 
conditions  as  described  in  the  previous  experiments.  Ten  cubic  centimeters 
of  an  infusion  made  from  soil  known  to  contain  active  ammonifying  and 
nitrifying  bacteria;  as  well  as  10  cc.  of  an  infusion  made  from  "Alphano 
humus,"  known  to  cont&in  active  nitrogen-fixing  organisms,  were  added  to 
each  pot  of  soil.  At  the  end  of  three  weeks,  when  the  soils  were  first  sampled 
to  determine  the  rate  of  neutralization  of  addity,  5-grams  portions  of  moist 
soil  were  immediately  introduced  into  sterile  flasks  of  media  for  the  measure- 
ment of  biological  activities.  These  were  prepared  as  follows,  according  tothe 
methods  described  by  Lohnis  and  Green  (66). 

A  soil  extract  was  prepated  from  each  soil  by  adding  2  volumes  of  distilled  water  to  1 
volume  of  soil  and  autoclaving  in  cotton-plugged  Erlenmeyer  flasks  at  15  pounds  pressure 
for  fifteen  minutes.  After  cooling  and  settling  the  supernatant  liquid  was  filtered  through 
several  thicknesses  of  filter  pi^r  until  a  clear  extract  was  obtained.  To  this  was  added 
0.05  gram  of  K1HPO4  per  litre.  For  anunonification,  50  cc.  of  this  solution  to  which  had 
been  added  0.5  gram  of  peptone  per  flask  were  inoculated  (in  a  750-cc.  Florence  flask)  with 
a  5-gram  sample  of  soil  and  incubated  at  23^C.  for  three  days.  At  the  end  of  this  time 
the  contents  of  the  flasks  were  distilled  with  magnesium  oxide  and  titrated  in  the  usual 
manner.  For  nitrification,  to  50  cc.  of  the  extract  of  the  soil  type  used  as  inocxdum  were 
added  50  mgm*.  of  ammonium  sulfate  and  1  gram  of  caldum  carbonate  (c.p.).  These  flasks 
were  incubated  after  inoculation  with  5  grams  of  soil  for  four  weeks.  The  nitrates  were 
determined  colorimetrically  by  the  phenoldisulphonic  acid  method.  For  nitrogen-fixation 
2  grams  of  dextrose  and  2  grams  of  calcium  carbonate  were  added  to  50  cc.  of  soil  extract 
and  incubated  for  three  weeks,  at  the  end  of  which  time  they  were  Kjeldahled.  Suitable 
checks  were  carried  in  duplicate  in  all  instances  and  all  the  determinations  on  each  soil  were 
made  in  duplicate.  Since  the  soils  received  duplicate  treatments  of  lime  the  possibilities 
for  error  were  reduced  to  a  minimum. 

The  results  of  the  ammonification  of  peptone  after  three  weeks*  incubation 
of  soil  with  lime  are  recorded  in  table  7. 

It  will  be  seen  that  in  both  the  Norfolk  sandy  loam  and  the  Penn  day  loam 
(with  one  exception)  there  is  an  increase  in  ammonification  with  an  increase 
in  fineness  of  division  of  pulverized  limestone.  It  is  of  interest  to  note  that 
while  the  differences  in  ammonification  resulting  from  the  finer  grades  of 
lunestone  are  comparatively  slight,  there  is  a  striking  difference  between  the 
coarse  and  the  finer  limestone  in  both  soils.    In  the  Norfolk  sandy  loam. 
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for  example,  there  was  an  increase  of  only  0.1  mgm.  of  nitrogen  over  the  check 
for  the  20-inesh  as  compared  with  7.8  mgm.  of  nitrogen  for  the  200-mesh  lime- 
stone. While  in  the  Penn  day  loam  it  was  0.3  mgm.  of  nitrogen  for  the  20* 
mesh  as  against  3.3  mgm.  of  nitrogen  for  the  200-mesh  limestone.  The 
burnt  lime  was  more  effective  than  the  finest  limestone  in  its  influence  on  this 
biological  activity.  As  might  be  expected  from  the  more  advantaigeous  en- 
vironmental conditions,  the  Norfolk  sandy  loam  was  responsible  for  greater 
differences  between  treatments  than  was  the  Penn  clay  loam. 

Regarding  these  results  in  their  entirety,  it  will  be  remembered  that  they 
are  in  accord  with  those  obtained  in  determining  the  rate  of  neutralization 
of  the  different  grades  of  pulverized  limestone. 

TABLE  7 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  the  ammomfication  of  peptone  in 
solution  (soil  incubated  with  Ume  three  weeks) 


ntKAIMBKr 


AVSKAOB 
NmOGBN 


INCKBA8B  IN 
KmOOBN 


Norfolk  sandy  soil 


Check 

mgm. 
26.0 
26.2 
31.8 
32.9 
32.0 
35.6 

mgrn. 
26.1 
Lost 
31.7 
32.6 
35.7 
37.3 

mgrn. 
26  A 
26.2 
31.8 
32.8 
.      33.9 
36.5 

mgm. 

20-  40  mesh 

0.1 

60-  80  mesh 

5.7 

100-200  mesh 

6.7 

200  +  mesh 

7.8 

CaO 

10.4 

Penn  clay  loam 


Check 

20-  40  mesh. 

60-  80  mesh. 
100-200  mesh. 
200  +  mesh. . . 
CaO 


23.0 
23.6 
27.4 
25.0 
27.1 
29.7 


26.0 
26.1 
27.4 
28.6 
28.4 
29.0 


24.6 
24.9 
27.4 
26.9 
27.9 
29.4 


0.3 

2.8 
2.3 
3.3 
4.8 


The  results  at  the  end  of  seven  weeks  of  incubation  of  soil  with  limestone  are 
presented  in  table  8.  It  is  evident  that  the  differences  between  treatments 
in  both  soils  are  hardly  large  toough  to  bear  mention,  except  in  so  far  as 
the  20-mesh  limestone  gave  the  highest  ammonification.  This  again  may  be 
correlated  very  closely  with  the  results  obtained  concerning  the  rate  of  neutral- 
ization of  acidity.  In  other  words,  the  finer  the  limestone  the  more  rapidly 
it  neutralizes  the  acidity  of  the  soil  and  the  more  effectively  it  increases  the 
process  of  ammonification.  It  will  be  remembered  that  the  20-mesh  material 
was  the  only  one  to  be  found  present  to  any  extent  at  the  end  of  the  seven- 
week  period;  therefore,  it  might  well  be  expected  that  the  present  maximum  of 
ammonia  should  occur  with  that  grade  of  limestone. 
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Because  of  the  importance  of  soil  reaction  in  influencing  nitrification,  one 
would  be  led  to  anticipate  marked  differences  in  the  accumulation  of  nitrates 
as  a  result  of  treating  the  soil  with  different  grades  of  pulverized  limestone. 
That  this  is  virtually  the  case  is  shown  by  table  9,  where  it  will  be  seen  that 
with  such  widely  divergent  soil  types,  the  differences  in  treatment  at  the  end 
of  three  weeks  yield  results  which  are  in  identically  the  same  direction,  namely, 
an  increase  in  fineness  of  division  of  pulverized  limestone  is  responsible  for  an 
increased  accumulation  of  nitrates.  Again  the  burnt  lime  proved  superior 
and  the  20Q-mesh  is  strikingly  better  than  the  20-mesh  limestone  in  influenc- 
ing this  important  biological  activity  in  the  soil.  Thus  a  correlation  exists 
between  the  rate  of  neutralization  and  nitrification  as  well  as  ammonifica- 

TABLE  S 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  the  ammonificaiian  of  peptone  in 
solution  {soil  incubated  with  lime  seven  weehs) 


AVniAOB 

Mmoosif 


Norfolk  sandy  loam 

Check 

mtm. 
42.8 
43.6 
41.0 
41.1 
42.8 
41.8 

mgm. 
43.3 
46.2 
40.8 
Lost 
41.7 
43.5 

mgm. 

43.1 

20-  40  mesh 

44.9 

60-  80  mesh 

40.9 

100-200  mesh 

41.1 

200  +  mesh 

42.3 

CaO 



42.2 

Penn  clay  loam 

Check 

32.0 
33.5 
32.8 
33.0 
32.4 
31.6 

33.2 
32.6 
33.3 
31.0 
33.1 
32.9 

32.6 

20-  40  mf»h                       

33.1 

/iO-  80mfffh., ,         ,  ,  ,         

33.1 

100-200  mesh 

32.0 

200  + mesh 

32.8 

CaO 

32.3 

tion.  Coleman'  has  a  comprehensive  discussion  and  bibliography  dealing 
with  nitrogen  transformations  in  the  soil.  Since  the  accompanying  data 
pointed  indubitably  to  the  fact  that  one  could  expect  little,  if  any,  differences 
in  nitrification  after  seven  weeks'  incubation  of  soil  with  limestone,  these 
determinations  were  discontinued. 

The  results  obtained  in  the  nitrogen-fixation  experiments  at  the  end  of  three 
weeks  have  not  been  tabulated  for  the  reason  that  no  differences  worthy  of 
note  were  established.  For  example,  in  the  Norfolk  sandy  loam  at  the  end  of 
three  weeks,  the  average  number  of  milligrams  of  nitrogen  present  in  the  check 
soils  was  3.37,  while  the  amount  in  the  variously  treated  soils  ranged  from  the 

» Doctor's  Thesis,  Rutgers  College,  New  Brunswick,  N.  J.  (1917). 
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above-mentioned  quantity  up  to  3.71  mgm.  of  nitrogen.  In  the  Penn  clay 
loam  the  check  had  4.63  mgm.  of  nitrogen,  and  the  range  in  variation  due  to 
treatment  approached  5.04  mgm.  of  nitrogen  as  a  maximum.  At  the  end  of 
seven  weeks  there  was  a  distinct  increase  over  the  check  in  the  soils  treated 
with  limestone,  as  shown  in  table  10,  but  the  diflFerences  between  treatments 
were  not  within  experimental  error  in  the  case  of  Norfolk  sandy  loam.  Thus 
3.8  mgm.  of  nitrogen  were' present  in  the  check  soils  and  12.3  to  12.9  mgm.  of 
nitrogen  in  the  treated  soils.  In  Penn  clay  loam,  however,  there  is  an  appar- 
ent tendency  for  the  amount  of  nitrogen  fixed  to  increase  as  the  fineness  of 
division  of  pulverized  limestone  increased. 

TABLE  9 

The  effect  of  fineness  of  division  of  pulverised  UmesUme^on  nUrification  in  sokdion  {soil  incu- 
bated with  Hmestone  three  weeks) 


TlXATiaKT 


NOt 


NOi 


1NCUBA8S    OVSK 


Norfolk  sandy  loam 

Check 

p.p.  M. 
7.4 
7.9 
8.2 
9.2 
10.2 
9.4 

p.p.  M. 
6.8 
8.2 
8.2 
9.8 
13.0 
20.0 

p.p.m, 
7.1 
7.8 
8.2 
9.5 
11.6 
14.7 

p.p.  m. 

20-  40  mesh 

0.7 

«>-  80ni(«h 

1.1 

100-200  mfsh 

2.4 

200-f-mesh 

4.5 

CaO 

7.6 

Penn  clay  loam 


Check 

7.6 
11.4 
15.4 
12.6 
20.6 
24.0 

8.4 
18.4 
15.2 
22.8 
22.0 
28.0 

8.0 
14.9 
15.3 
17.7 
21.3 
26.0 

20-  40  mesh 

6.9 

60-  80  mesh 

7.3 

100-200  mesh 

9.7 

200  +  mesh 

13.3 

CaO 

18.0 

Considering  this  experiment  in  its  entirety,  it  has  been  established  that 
both  in  Norfolk  sandy  loam  and  in  Penn  clay  loam  an  increase  in  fijieness  of 
division  of  pulverized  limestone  was  responsible  for  a  corresponding  increase 
in  the  rate  of  neutralization  of  acidity  as  well  as  enhanced  biological  activities 
in  the  soil  as  measured  by  ammonification,  nitrification  and  nitrogen-fixation 
(with  limitations)  in  solution. 

In  order  to  substantiate  these  points  a  similar  experiment  was  performed 
in  which  Sassafras  sandy  loam  was  used  in  the  same  manner  as  previously 
described  in  the  experiment  dealing  with  the  rate  of  neutralization  of  acidity, 
that  is,  burnt  lime  and  the  following  grades  of  limestone  were  used:  20  to  40- 
mesh,  60  to  80-mesh,  100  to  200-mesh  and  finer  than  200-mesh.  In  thepresent 
case,  however,  the  fresh  soil  methods  recommended  by  Brown  (12,  13)  were 
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employed.  For  ammonification,  100  grams  of  moist  soil  were  thoroughly 
mixed  in  a  shaker  (61)  with  cottonseed  meal  or  dried  blood  containing  155 
mgm.  of  nitrogen,  respectively,  and  incubated  at  optimum  moisture  content 
for  six  days  at  20^C.,  the  anmionia  being  determined  by  the  magnesium 
oxide  method  at  the  end  of  this  time.  For  nitrification  100  mgm.  of  ammonium 
sulfate  were  added  per  tumbler  and  incubated  at  optimum  moisture  content 
for  thirty  days  at  18^C.  At  the  end  of  this  time  the  nitrates  were  leached 
out  by  adding  400  cc.  of  distilled  water,  some  ground  burnt  lime  was  added 
and  the  whole  shaken  thoroughly  for  five  minutes,  filtered,  and  a  25-cc. 
aliquot  taken  for  determination  according  to  the  colorimetric  phenoldisulphonic 
acid  method.    For  nitrogen-fixation  2  grams  of  mannite  were  added  to  50 

TABLE  10 

The  effect  of  fineness  of  division  of  pulverized  UmesUme  on  the  rale  of  neutraliialion  of  acidity 
as  affecting  nitrogen  fixation  in  solution  after  seven  weeks  incubation  of  soil  with  limestone 


IXXATMKNT 


AVEKAOB 
NinOOBN 


Norfolk  sandy  loam 

Check 

HtgHtm 

3.8 
11.4 
12.1 
12.5 
12.6 
11.5 

mgm. 
3.8 
13.2 
12.4 
Lost 
13.2 
13.3 

mgrn, 

3.8 

20-  40ni(«h • 

12.3 

60-  80  mesh 

12.3 

100-200  ni(«h 

12.5 

200  -f  mesh 

12.9 

CaO 

12.4 

Penn  clay  loam 

Check 

4.1 
5.2 
7.0 
7.5 
7.6 
8.0 

5.4 
6.4 
8.5 
8.0 
8.7 
8.4 

4.8 

20-  40  mesh 

5.8 

60-  80  mesh 

7.8 

100-200  mesh 

7.8 

200  4-  mesh 

8.2 

CaO 

8.2 

grams  of  soil  and  incubated  at  optimum  moisture  content  for  twenty-one 
days  at  18**C.  At  the  end  of  this  period  the  soil  was  air-dried,  pulverized  and 
nitrogen  determined  by  the  Kjeldahl  method. 

The  results  of  ammonification  after  one  week's  incubation  of  soil  with 
limestone  are  recorded  in  table  11. 

It  will  be  seen  that  with  cottonseed  meal  an  increase  in  fineness  of  division 
of  pulverized  limestone  was  responsible  for  a  corresponding  increase  in  am- 
monia found.  The  200-mesh  is  one-third  more  effective  than  the  20-mesh 
limestone,  but  burnt  lime  is  somewhat  superior  to  the  former.  The  results 
obtained  with  dried  blood  are  peculiar  in  that  the  20-  and  the  60-mesh  lime- 
stone 3rielded  smaller  quantities  than  were  foimd  in  the  checks,  while  the 
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finer  grades  of  limestone  and  burnt  lime  exhibited  an  increase.    This  point 
will  bear  more  complete  discussion  in  another  connection. 

With  cottonseed  meal  the  results  in  table  11  obtained  after  two  weeks' 
incubation  (with  one  exception)  show  that  in  increase  in  fineness  of  division 
of  pulverized  limestone  is  accompanied  by  an  increase  in  ammonification. 
However/  the  differences  between  treatments  are  not  quite  as  pronounced  as 
after  the  first  week,  undoubtedly  because  of  the  fact  that  the  different  grades 
of  limestone  tend  to  equalize,  as  is  shown  by  the  work  on  the  rate  of  neutrali- 
zation of  acidity%    Again  the  200-mesh  is  markedly  superior  to  the  20-mesh 

TABLE  11 

The  efeci  of  fineness  of  dvrision  of  puherised  limestone  on  the  ammonification  of  cottonseed 
meal  and  dried  blood  {Sassafras  sandy  loam  incubated  with  lime  for  one  and  two  weeks) 


CORON8KCD  MBAL 

DUBD  BLOOD 

Nitiosen 

Nitrogen 

Average 
nitrogen 

Nitrogen 

Nitrogen 

Average 
nitrogen 

After  one  week*s  incubation 

Check 

20-  40  mesh 

2.5X20-40  mesh. 

60- 80 mesh...... 

100-200  mesh 

200  4-  mesh 

CaO 


mgm. 

mgm. 

mtm. 

MfW. 

mtm. 

47.1 

49.3 

48.2 

42.5 

43.5 

50.0 

50.5 

50.3 

37.6 

■   38.3 

47.8 

51.5 

49.7 

38.3 

38.9 

60A 

.    56.4 

58.4 

32.8 

35.2 

53.7 

66.5 

60.1 

41.3 

45.7 

65.8 

68.0 

66.9 

48.5 

51.7 

68.3 

68.9 

68.6 

46.9 

53.6 

43.0 
38.0 
38.6 
34.0 
43.5 
50.1 
50.2 


After  two  weeks'  incubation 

Check 

53.1 
55.7 
57.6 
64.0 
63.7 
65.0 
65.6 

54.7 
54.7 
57.0 
64.6 
61.0 
64.6 
66.6 

53.9 
55.2 
57.3 
64.3 
62.4 
64.8 
66.1 

56.6 
47.2 
43.5 
33.0 
36.0 
27.4 
30.4 

53.3 
46.7 
41.8 
37.9 
26.6 
27.5 
28.6 

55.0 

20-  40  mesh 

47.0 

2. 5X20-40  mesh 

60-  80  mesh 

42.7 
35.5 

100-200  mesh 

31.3 

200  4-  mesh 

27.5 

CaO ; 

29.5 

limestone  but  inferior  to  the  burnt  lime.  A  point  of  interest  is  to  be  remarked 
in  the  fact  that  two  and  one-half  times  the  usual  quantity  of  20-mesh  limestone 
does  not  increase  ammonification  to  any  marked  degree  over  that  obtained  with 
the  normal  amoimt,  and  is  decidedly  inferior  to  the  200-mesh  limestone.  The 
results  with  dried  blood  show  a  progressive  decrease  in  ammonia  with  an  in- 
crease in  fineness  of  division  of  pulverized  limestone.  The  explanation  which 
suggests  itself  is  that  the  aromonification  of  dried  blood  is  actually  more 
rapid  with  an  increase  in  fineness  of  division  of  pulverized  limestone  but 
that  the  bacteria  multiply  so  rapidly  as  to  assimilate  it  again,  so  that  it  does 
not  appear  as  ammonia  when  distilled  with  MgO,  at  the  end  of  the  six-day 
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incubation  period,  but  is  transformed  into  other  nitrogenous  compounds. 
This  theory  is  substantiated  by  further  experiments  where  the  writer  has 
found  an  increase  in  ammonification  of  dried  blood  with  an  increase  in  fine- 
ness of  division  of  pulverized  limestone.  Furthermore,  preliminary  experi- 
ments were  performed  in  which  the  ammonification  of  dried  blood  was  accom- 
panied by  a  daily  measurement  of  carbon  dixoide  evolved.  This  was  accom- 
plished by  aspirating  air  continuously  through  a  stoppered  bottle  containing 
soil,  which  was  connected  with  an  Erlenmeyer  flask  containing  a  known 
quantity  of  standard  barium  hydrate.  It  was  foimd  that  with  an  mcrease  in 
fineness  of  division  of  pulverized  limestone  there  was  an  increased  production 
of  carbon  dioxide  which  may  well  be  regarded  as  an  index  of  decomposition 
effected  by  microbial  activities.  Thus  it  may  be  assumed  that  an  increase  in 
fineness  of  divi^on  of  pulverized  limestone  actually  caused  an  increase  in  the 
ammonification  of  dried  blood,  but  that  because  of  a  subsequent  assimilation 
of  ammonia  the  amounts  of  ammonia  found  by  distilling  with  magnesium 
oxide  were  comparatively  small. 

TABLE  12 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  ammonification  (Sassafras  sandy 
loam  incubated  with  lime  for  three  weeks) 


ntxATmNT 


AVKEAOB 
NIXmOOBN 


Cottonseed  meal 

Check 

mgm. 
50.3 
49.4 
52.6 
62.6 
63.0 
59.0 
48.2 

mgm, 
47.5 
57.1 
54.1 
63.2 
50.1 
56.0 
56.2 

mgm. 
48.9 

20-  40  mesh 

53.3 

2 . 5  X  20-40  mesh 

53.4 

(50-  80  mesh 

62.9 

100-200  mesh 

56.6 

200  +'mesh 

57.5 

CaO 

52.2 

Dried  blood 


Check 

20-  40  mesh...... 

2.5  X  20-40  mesh. 

60-  80  mesh 

100-200  mesh 

200  -f  mesh 

CaO 


52.8 
41.6 
41.9 
28.6 
31.0 
22.2 
20.6 


48.5 
44.5 
40.0 
35.0 
20.0 
22.4 
21.6 


50.7 
43.1 
41.0 
31.8 
25.5 
22.3 
21.1 


In  tables  12  and  13  are  recorded  the  results  obtained  after  incubating  soil 
with  limestone  for  three  and  four  weeks,  respectively.  With  cottonseed 
meal  as  well  as  dried  blood  the  general  tendencies  heretofore  noted  are  again 
to  be  observed. 

Considering  the  results  obtained  in  the  nitrification  of  ammoniimi  sulfate 
after  one  week's  incubation  of  soil  with  lime,  it  will  be  seen  from  table  14, 
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TABLE  13 


The  effect  of  fineness  of  division  of  pulverised  limestone  on  ammonificalion  {Sassafras  sandy 
loam  incubated  with  limestone  four  weeks) 


nSATMSNT 


AVniAGB 

mntooBN 


Cottonseed  meal 

Check 

mgm. 

35.4 
32.5 
37.4 
41.0 
40.3 
42.1 
33.1 

mgm. 
35.2 
37.0 
39.0 
38.2 
37.3 
38.9 
36.6 

mtm, 
35  3 

20-  60  mesh 

34  8 

2.5  X  20-60  mesh.    . 

38  2 

60-  80  mesh 

39  6 

100-200  m'esh 

38.8 

200  -h  mesh 

40  5 

CaO 

33  9 

Dried  blood 


Check 

32.3 
28.2 
26.7 
24.0 
21.8 
17.9 
13.9 

32.5 
29.3 
28.2 
24.6 
14.9 
17.0 
15.2 

32.4 

20-  60  mesh 

28.8 

2.5  X  20-60  mesh 

27.5 

60-  80  mesh 

24.3 

100-200  mesh 

18.4 

200  -h  mesh 

17.5 

CaO 

14  6 

TABLE  14 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  nitrification  {Sassafras  sandy  loam 
incubated  with  limestone  one  and  two  weeks) 


AVBRAOB 
NmtOOBN 


INCBBA8B  OVBK 


After  one  week's  incubation 


Check  on  soil 

mgm. 
0.06 
0.13 
0.12 
0.43 
0.51 
1.28 
Lost 
0.55 

mgm. 
0.06 
0.12 
0.17 
0.46 
0.96 
0.70 
Lost 
0.23 

mgm. 
0.06 
0.13 
0.15 
0.45 
0.74 
0.99 
Lost 
0.39 

mgm. 

Check 

0.07 

20-  40  mesh 

0.09 

2.5  X  20-40  mesh 

0.39 

60-  80  mesh 

0.68 

100-200  mesh 

0.93 

200  -f-  mesh 

Lost 

CaO 

0.33 

After  two  weeks* 

incubation 

Check 

0.10 
0.32 
2.46 
4.00 
1.48 
0.31 
0.15 

0.09 
0.17 
1.48 
4.90 
0.31 
0.65 
0.11 

0.10 
0.25 
1.97 
4.45 
0.90 
0.48 
0.13 

0.04 

20-  40  mesh 

0.19 

2.5  X  20-40  mesh 

1.37 

60-  80  mesh 

4.39 

100-200  mesh 

0.84 

200  -f  mesh 

0.42 

CaO 

0.07 
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that  an  incre2|,se  in  fineness  of  divisi(Hi  of  pulverized  limestone  is  responsibk 
for  a  corresponding  accumulation  of  nitrates.  The  results  obtained  in  the 
subsequent  weeks  of  incubation,  as  shown  in  tables  14  and  15— -are  more 
variable,  because  the  moisture  conditions  were  not  strictly  maintained. 
However,  the  tendency  follows  the  general  rule  previously  observed,  namely, 
an  increase  in  fineness  of  division  of  pulverized  limestone  is  responsible  for 
an  mcrease  in  biological  activities,  which  may  be  correlated  with  the  rate  of 
neutralization  of  acidity.  In  the  present  experiment  the  differences  m  nitro- 
gen-fixation, as  a  result  of  variation  in'  treatment,  were  not  of  sufiEident 
magnitude  to  permit  of  any  definite  conclusions.  The  average  number  of 
milligrams  of  nitrogen  foimd  varied  from  0.98  to  1.21.  It  is  possible  that  the 
amount  of  carbohydrate  used  in  the  present  instance  was  so  excessive  as  to 
inhibit  nitrogen-fixation. 

In  order  to  emphasize  further  the  importance  of  fineness  of  division  of 
pulverized  limestone  in  influencing  ammonification,  several  soils  (the  same 

TABLE  15 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  nitrification  (Sassafras  sandy  ham 
incubated  with  lime  for  three  weeks) 


TUATMBMT 

NITROOBN 

NRROOBM 

AVSRAOB 
MmOOBN 

IKGKBASBOVn 
OUGK 

Check 

MfW. 

0.46 
0.37 
1.96 
3.01 
Lost 
1.20 
0.75 

mgrn, 
0.43 
0.17 
1.95 
2.71 
0.94 
1.37 
0.72 

MfM. 

0.30 
0.27 
1.95 
2.86 
0.94 
1.29 
0.74 

MfW. 
0.24 

20-  40  mesh 

0.21 

2.5  X  20-40  mesh 

1  90 

f^  80f?if«fi      . 

2.80 

100-200  mesh 

0.88 

200  -f  mesh 

1.23 

CaO 

0.68 

as  previously  used  in  growing  clover  in  pots)  were  incubated  with  the  different 
grades  of  limestone  and  burnt  lime  for  one  week.  At  the  end  of  this  time 
100-gram  portions  from  each  pot  received  nitrogenous  organic  material  in 
the  form  of  dried  blood  or  cottonseed  meal  (155  mgm.  N),  and  were  incubated 
at  the  optimum  moisture  content  for  seven  days  at  20°C.  The  results  ob- 
tained with  Cumberland  silt  loam  are  recorded  in  table  16. 

Although  the  differences  between  treatments  are  not  great,  nevertheless 
it  will  be  seen  that  in  general,  with  both  cottonseed  meal  and  dried  blood,  an 
increase  in  fineness  of  division  of  pulverized  limestone  is  accompanied  by  an 
increase  in  ammonia  foimd.  The  burnt  litne  and  200-mesh  limestone  were 
equally  eflScient.  Two  and  one-half  times  the  usual  quantity  of  20-mesh  lime-* 
stone  gives  better  results,  not  markedly  superior  to  the  normal  application. 

The  results  obtained  with  Wooster  and  Carrington  silt  loams  are  presented 
in  table  16.  The  differences  between  treatments  are  not  very  marked  but 
the  fijier  material  appears  to  better  advantage  than  the  coarser.    Burnt  lime 
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proved  more  efficient  than  200-mesh  limestone.  The  results  obtained  with 
increased  quantities  of  20-mesh  limestone  are  similar  to  those  noted  where 
Cumberland  silt  loam  was  employed. 

A  general  consideration  of  these  soils  of  fine  texture  and  high  organic  con- 
tent reveals  the  fact  that  in  the  ammonification  of  nitrogenous  organic  ma- 


TABL£  16 

The  effect  of  fineness  of  dmsian  of  pulverised  limestone  on  ammonificaUon  in  Cumberland^ 
Carrington  and  Wooster  siU  loams 


CORONgBXD  ICKAL 


Nitrogen 


Niuosen       Aj'^'JgJ       Nitrogen       Nitrogen 


Average 

nitrogen 


Cumberland  silt  loam 


Check 

mgrn. 
70.0 
74.9 
Lost 
73.4 
73.8 
75.2 
74.5 

mgm. 
70.7 
69.3 
73.8 
72.0 
74.3 
74.5 
72.0 

70.4 
72.1 
73.8 
72.7 
74.1 
74.9 
73.3 

mtm. 
78.3 
64.8 
67.8 
61.4 
59.8 
81.9 
82.6 

mgm. 

77  A 

66.6 

64.8 

71.8. 

62.5 

85.5 

82.3 

mgm, 
77.9 

20-  40  mesh 

65.7 

2.5X20-40  mesh 

60-  80  mesh 

66.3 
66.6 

100-200  mesh 

61.2 

200  -1-  Tp^h    . 

83.7 

CaO 

82.5 

Wooster  silt  loam 


Check 

20-  40  mesh 

2.5X20-40  mesh. 

60-  80  mesh 

100-200  mesh 

200  +  mesh 

CaO '•.. 

Check 

20-  40  mesh 

2.5X20-40  mesh. 

60-  80  mesh 

100-200  mesh. .... 

200  4- mesh 

CaO 


40.1 

43.4 

41.8 

50.2 

50.0 

47.0 

49.7 

48.4 

50.0 

47.7 

50.4 

50.2 

50.3 

49.3 

49.1 

40.5 

41.5 

41.0 

45.2 

45.5 

49.1 

50.0 

49.6 

42.8 

43.0 

48.8 

49.3 

49.1 

58.7 

59.4 

59.4 

58.3 

58.9 

69.3 

63.4 

50.1 
48.9 
49.2 
45.4 
42.9 
59.1 
66.4 


Carrington  silt  loam 


33.8 

41.0 

37.4 

58.1 

57.4 

37.3 

50.0 

43.7 

59.9 

61.6 

57.8 

27.7 

42.8 

60.8 

61.6 

38.3 

47.5 

42.9 

53.6 

.    53.3 

47.7 

46.3 

47.0 

65.7 

61.7 

Lost 

Lost 

Lost 

53.2 

60.0 

50.2 

50.2 

50.2 

66.6 

Lost 

57.8 
60.3 
61.2 
53.5 
63.7 
61.6 
66.6 


terials  the  differences  resulting  from  treatmoit  with  various  grades  of  lime- 
stone are  less  marked  than  those  noted  where  soils  of  coarser  texture  and  lower 
organic  content  were  employed.  However,  the  evidence  points  quite  defi- 
nitely to  the  contention  that  the  Gner  grades  of  limestone  exert  a  more  bene- 
ficial influence  upon  the  process  of  ammonification  than  does  the  coarse  ma- 
teriaL    This  is  especially  significant  for  the  light  it  throws  upon  certain  pre- 
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vious  results  obtained  in  the  ammonification  of  dried  blood  and  would  seem 
to  make  the  theory  advanced  in  that  connection  more  tenable. 

Since  in  common  field  practice  the  amount  of  limestone  applied  to  the  soil 
is  rarely  the  exact  equivalent  of  the  lime-requirements  as  determined  by  the 


TABLE  17 


The  effect  of  fineness  of  division  of  pulverized  limestone  in  varying  amounts  and  CaO  on 
ammonification  in  Norfolk  sandy  loam.    Cottonseed  meal 


TUSATMXNT 


AVSRAGB 
NIT&OCXN 


One-third  Veitch  lime-requirement  applied 


Check 

0.09  gram,  20- 40  mesh. 
0.09  gram,  60- 80  mesh. 
0.09  gram,  100-200  mesh. 
0.09  gram,  200  -f  mesh. . . 
0.05  gram,  CaO 


Two-thirds  Veitch  lime-requirement  applied 


Check 

0.18  gram,  20- 40  mesh. 
0. 18  gram,  60-  80  mesh. 
0. 18  gram,  100-200  mesh. 
0.18  gram,  200+ mesh... 
0.10  gram,  CaO 


Total  Veitch  Ume^requirement  applied 


Check 

0. 28  gram,  20-  40  mesh . 
0.28  gram,  60-  80  mesh. 
0.28  gram,  100-200  mesh. 
0. 28  gram,  200  -h  mesh. . . 
0.15  gram,  CaO 


50.8 
51.2 
55.1 
59.5 
63.0 
.65.2 


One  and  one-third  Veitch  lime-requirement  applied 


Check 

0.37  gram,  20-  40  mesh. 
0.37  gram,  60-  80  mesh. 
0.37  gram,  100-200  mesh. 
0.37  gram,  200  +  mesh. . . 
0.20  gram,  CaO 


Veitch  method,  the  following  experiment  was  performed.  Limestone  of  dif- 
ferent grades  of  fineness  and  burnt  lime  were  applied  to  Norfolk  sandy  loam 
at  the  rate  of  one-third,  two-thirds,  total  and  one  and  one-third  of  the  Veitch 
lime-requirement  of  2300  pounds  of  CaO  per  acre.    One  series  received  155 
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mgm.  of  nitrogen  in  the  form  of  cottonseecf  meal,  the  other  received  dried 
blood.  The  soils  were  made  up  to  the  optimum  moisture  content  (13  per 
cent)  and  incubated  for  seven  days,  the  ammonia  being  determined  by  the 
magnesian  oxide  method  at  the  end  of  that  time.  The  results  are  presented 
in  tables  17  and  18. 

TABLE  18 

Tke  effect  of  fineness  of  division  of  pulverized  limestone  in  varying  amounts  and  CaO  on 
ammonificaUon  in  Norfolk  sandy  loam  (dried  blood  being  usei) 


▲VXILAaB 
NmOGBN 


One-third  Veitch  lime-requirement  appUed 


Check 

0.09  gram,  20-  40  mesh. 
0.09  gram,  60- 80  mesh. 
0.09  gram,  100-200  mesh. 
0 .  09  4ram,  200  -h  mesh . . . 
0.05  gram,  CaO 


Two-thirds  Veitch  lime-requiremerU  applied 


0.18  gram,  20- 40 mesh. 
Q.  18  gram,  60-  80  mesh. 
0. 18  gram,  100-200  mesh. 
0.18  gram,  200  +  mesh. . . 
0.10  gram,  CaO 


Total  Veitch  Ume-requirement  applied 


0.28  gram,  20- 40  mesh. 
0.28  gram,  60- 80  mesh. 
0.26  gram,  100-200  mesh. 
0.26  gram,  200  -f  mesh. . . 
0.15  grami,  CaO 


One  and  one-third  Veitch  lime-requirement  applied 


0.37  gram,  20- 40  mesh. 
0.37  gram,  60- 80  mesh. 
0.37  gram,  100-200  mesh. 
0 .37  gram,  200  -h  mesh. . . 
0.20  gram,  CaO 


It  will  be  seen  that  with  but  a  few  exceptions  in  the  cottonseed  meal  series, 
an  increase  in  fineness  of  division  of  pulverized  limestone  is  responsible  for  an 
increased  ammonification.  This  phenomenon  appeared  regardless  of  the  size 
of  application  of  limestone.  An  increase  in  the  quantity  of  burnt  lime 
caused  a  still  further  increase  in  ammonification.  In  the  dried  blood  series 
an  increase  in  fineness  of  division  of  limestone  caused  a  corresponding  division 
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in  ammonia  foimd.  However,*  as  previously  interpreted,  this  may  be  con- 
sidered as  virtually  representing  an  increase  in  ammonification  accompanied 
by  an  increase  in  assimilation  with  an  increase  in  fineness  of  division  of  pul- 
verized limestone.  Again  the  phenomenon  remains  constant,  regardless  of 
the  rate  of  application  of  limestone.  In  general,  then,  it  appears  that  am- 
monification  as  influenced  by  the  different  grades  of  pulverized  limestone  is 
independent  of  the  size  of  application. 

Summarizing  the  results  obtained  in  the  present  experiments,  the  following 
points  are  worthy  of  note.  ' 

1.  An  increase  in  fineness  of  division  of  pulverized  limestone  ¥^s  respon- 
sible for  an  increase  in  the  anmionification  of  peptone  in  solution  in  Norfolk 
sandy  loam  and  Pemi  clay  loam,  and  of  cottonseed  meal  and  dried  blood  in 
Sassafras  sandy  loam,  which  may  be  correlated  with  the  results  obtained  in 
the  rate  of  neutralization  of  acidity.  That  is,  in  the  first  two  weeks  of  in- 
cubation of  soil  with  limestone  the  differences  between  treatments  are  decid- 
edly more  marked  than  in  the  following  weeks  when  there  is  a  general  equal- 
ling tendency  manifest 

2.  An  increase  in  fineness  of  division  of  pulverized  limestone  is  respon- 
sible for  an  increase  in  nitrification  and  nitrogen-fixation  in  solution  and 
fresh  soil,  which  may  also  be  correlated  with  the  rate  of  ammonification. 

3.  The  anmionification  of  dried  blood  and  cottonseed  meal  followed  the 
above  tendency  in  the  heavy  soUs  rich  in  organic  matter  as  well  as  the  lighter 
soils  used. 

4.  These  results  of  ammonification  remain  constant  regardless  of  the  size 
of  the  application  of  limestone  (as  determined  by  the  Veitch  method). 

THE  XNFLUENCE  OF  FINENESS  OF  DIVISION  OF  PULVERIZED  LDCESTONE  ON  LOSS 

BY  DRAINAGE^ 

So  far  as  the  writer  has  been  able  to  determine,  the  recent  publication  from 
the  Maryland  Agricultural  Experiment  Station  (12)  represents  the  sole  work 
on  the  solubility  and  loss  of  different  degrees  of  pulverized  limestone  when 
applied  to  the  soil.  In  the  experiments  performed  by  Broughton,  Williams, 
and  Frazer  (10),  both  limestone  and  oyster  shells  of  varying  degrees  of  fine- 
ness were  employed.  The  solubility  of  these  samples  whidi  had  been  sub- 
jected to  mechanical  analjrsis  was  determined  in  water,  and  water  charged  with 
carbon  dioxide  at  3**,  12°,  14°,  and  23°C.,  representing  the  temperatures  of 
winter,  spring,  autumn,  and  summer,  respectively.  It  was  found  that  with  an 
increase  m  fineness  of  division  of  pulverized  limestone  there  was  an  increase 
in  solubility,  the  same  phenomenon  being  observed  with  an  increase  in  tem- 
perature.   The  solubility  and  the  different  materials  were  then  determined 

*The  writer  wishes  to  express  appreciation  for  his  assistance  to  Mr.  R.  C.  Cook,  with 
whom  this  experiment  was  begun.  Owing  to  unforeseen  circumstances  the  latter  was  un- 
able to  continue  this  work. 
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by  analyzing  the  soil  solution  obtained  from  large  pots  treated  with  lime. 
Unfortunately,  no  duplicate  treatments  are  mentioned,  and  since  the  soils 
considered  as  checks  received  applications  of  either  CaO  or  CaCOs,  the  experi- 
ment is  open  to  criticism  on  these  grounds.  This  is  further  emphasized  by 
the  fact  that  the  differences  between  treatments  were  slight.  However, 
it  was  shown  that  the  solubiUty  of  these  materials  increased  with  an  in- 
crease in  the  fineness  of  division  of  limestone.  In  other  words  the  greater 
the  surface  of  limestone  exposed,  the  greater  was  its  solubility.  Two  defi- 
nite conclusions  were  recorded  from  interesting  data  of  field  experiments  still 
in  progress.  The  authors  maintain  that  in  order  to  furnish  as  much  calcium 
as  is  present  in  burnt  lime,  limestone  should  be  ground  so  that  90  per  cent 
passes  an  80-mesh  sieve.  Their  conclusion  is  corroborated  by  the  work  re- 
ported in  this  thesis. 

There  is  a  considerable  amoimt  of  data  concerning  the  distribution,  changes 
and  loss  of  limestone  by  leaching  which  has  been  reported  by  Blanck  (7), 
Broughton  (9),  Creydt,  Von  Seelhorst  and  Wiems  (16),  Frear  (30),  Hilgard 
(40),  Johnson  (49),  Lyon  and  BizzeU  (69),  Maclntyre,  et  al.  (72),  Miller  (74), 
and  Veitch  (109).  The  effect  of  adding  limestone  in  excess  of  the  amount 
required  to  neutralize  acidity  has  been  studied  by  Gardner  and  Brown  (34), 
White  (107),  and  Veitch  (109). 

In  order  to  study  the  influence  of  the  fineness  of  pulverized  limestone  on  the 
loss  of  lime  in  drainage,  the  foUowiag  method  was  devised  and  put  into  opera- 
tion m  1914.^ 

Large  galvanized  iron  pots,  16  inches  in  diameter  and  12  inches  deep, 
standing  on  three  legs,  were  fitted  with  stopcocks  to  permit  drainage.  The 
bottom  of  the  pot  had  a  slight  depression  in  which  were  placed  large  pebbles. 
The  pots  were  fitted  with  a  pair  of  handles  rivetted  to  the  sides,  and  the 
whole  painted  to  prevent  rusting.  A  layer  of  fine  pebbles  was  placed  in  the 
bottom  of  the  pot,  and  over  this  was  placed  120  pounds  of  Sassafras  sandy 
loam  which  had  been  sieved  through  an  8-mesh  screen  (plate  1).  A  lever 
arrangement  with  grippers  for  the  handles  of  the  pot,  and  a  counterpoise 
was  devised  for  keeping  the  pots  at  constant  weight.  Two  series  of  new 
pots  were  placed  upon  a  greenhouse  table.  A  hole  was  drilled  under  each 
stopcock  to  permit  the  fastening  of  a  rubber  tube  which  extended  down  into  a 
bottle  to  collect  the  drainage  water.  A  board  support  was  nailed  close  to  the 
ground  upon  which  the  bottles  might  be  placed  in  proper  position.  After  the 
harvesting  of  each  crop,  the  drainage  water  was  collected  by  flushing  through 
enough  water  to  obtain  3800  cc.  of  drainage  in  each  collecring  bottle.  This 
method  is,  of  course,  open  to  objection,  in  that  continuous  percolation  would 
give  a  more  adequate  representation  of  the  drainage  water,  but  the  green- 
house conditions  were  such  as  to  make  such  a  procedure  impracticable. 

7  Broughton  (10)  and  the  United  States  Bureau  of  Plant  Industry,  at  Washington,  D.  C.« 
have  since  described  similar  apparatus  for  the  same  purpose  (122). 
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The  experiment  was  continued  over  a  period  of  time  which  permitted  the 
growth  of  several  difierait  crops,  the  soil  being  treated  with  pulverized  lime- 
stone  of  different  grades  in  quantity  sufficient  to  fulfill  the  lime-requirement 
as  determined  by  the  Veitch  metEod.  One  series  of  pots  received  anunonium 
sulfate  at  the  rate  of  600  poimds  to  the  acre,  while  the  other  series  received  no 
addition  of  nitrogen.  The  check  pots  received  minerals  above,  while  the  others 
received  minerals  in  addition  to  the  special  treatment.  Before  planting  the 
first  crop  the  soil  from  each  pot  was  removed  to  a  depth  of  6}  inches,  while 
15  grams  of  acid  phosphate  (14  per  cent  PsOs)  and  7.5  grams  of  muriate  of 
potash  (50  per  cent  KjO)  were  thoroughly  mcorporated  together  with  57 
grams  of  pulverized  limestone  of  different  grades  of  fineness.  The  soil,  was 
designated  as  Sassafras  sandy  loam  which  had  been  unlimed,  and  unfertilized 

TABLE  19 

The  effect  of  fineness  of  division  of  pulverised  limestone  on  the  yield  of  barley  grown  on  Sassafras 
softdy  loam  in  drainage  tanks  with  and  without  the  addition  of  nitrogen 

TOTAI* 

Nmoom 


wsxaST  ov 

CROP 

inrruaam 

AVX&AOB 

MmOOBN 

NmOQBN 

▲VCRAGE 
NmOOBN 

Without  the  addition  of  nitrogen 

^  grams 

granu 

grams 

percent 

pereeia 

tercem 

grams 

Check 

45.5 

79.0 

36.5 
"80.5 

41.0 
79.7 

1.18 
0.83 

0.89 
0.96 

1.04 
0.90 

0.43 

20- 40 mesh... 

0.71 

60-  80 mesh... 

95.0 

88.5 

91.7 

0.86 

0.86 

0.86 

0.79 

100-200  mesh.. . 

93.0 

91.5 

92.2 

0.88 

0.84 

0.86 

0.79 

200  4-  mesh 

81.5 

85.0 

83.2 

0.82 

0.84 

0.83 

0.69 

12  grams  (NH4)tS04  applied 


Check 

48.0 
82.0 

55.5 
Lost 

51.7 
82.0 

1.30 
1.28 

1.32 
1.33 

1.31 
1.31 

0.68 

20-  40  mesh.. . 

1.07 

60- 80 mesh... 

87.0 

73.0 

80.0 

1.33 

1.08 

1.21 

0.97 

100-200  mesh... 

74.0 

92.0 

83.0 

1.33 

1.22 

1.28 

1.06 

200  +  mesh. . . . 

78.0 

67.5 

72.7 

1.32 

Lost 

1.32 

0.96 

and  had  a  lime-requirement  (Veitch)  of  100  pounds  CaO  per  acre.  The  pots 
were  maintained  at  optimum  moisture  content.  Seven  grams  of  ammonium 
sulfate  were  appUed  to  each  pot  of  one  series  one  week  before  planting  100 
seeds  of  barley  per  pot.  The  other  5  grams  were  added  after  the  seedlings 
had  been  thinned  to  50  plants. 

The  results  of  yield  and  nitrogen  content  of  the  first  crop  grown  in  these 
tanks  is  presented  in  table  19. 

Some  discrepancies'  which  appear  are  due  to  attacks  from  fungi  which 
did  not  invalidate  the  general  tendency  exhibited,  namely,  with  an  increase 
in  the  fineness  of  division  of  pulverized  limestone  up  to  the  200-mesh  product 
there  was  an  increase  in  crop  yield  and  total  nitrogen  in  grams.  This  is  to  be 
seen  both  in  the  series  receiving  no  nitrogen  and  that  receiving  12  grams  of 
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ammonium  sulfate  per  pot.  From  the  figures  recorded  in  the  columns  marked 
''average  per  cent  of  nitrogen"  it  is  apparent  that  the  differences  as  a  result  of 
variation  in  treatment  are  so  slight  as  to  be  negligible.  Thus  the  total  nitrogen 
expressed  in  grams  (last  column)  varies  almost  as  the  crop  )deld.  The  ques- 
tion which  is  immediately  suggested  by  these  results  is:  why  are  the  )delds 
obtained  with  the  finest  limestone*  smaller  than  those  where  the  coarser  ma- 
terial was  used?  The  explanation  which  appears  most  plausible  is  that  in 
such  a  light  open  sandy  soil  the  finer  material  is  washed  down  below  the  root 
zone  of  the  plant,  therefore  it  does  not  neutralize  the  soil  acidity  or  increase 
the  available  nitrogen  supply  of  the  plant  to  the  same  extent  as  does  the 
coarser  material  which  is  actually  less  efficient.  This  hypothesis  is  strength- 
ened  by  certain  subsequent  results  concerned  with  the  planting  of  alfalfa 
(which  is  one  of  the  deepest-rooted  of  all  crops)  which  seems  to  respond  with  a 
greater  3deld  to  the  finer  limestone.  Likewise,  the  fact  that  more  lime  is 
lost  in  leaching  from  the  soils  receiving  the  finer  material,  as  will  be  shown 
presently,  also  may  be  considered  as  corroborative  evidence.  A  further 
consideration  may  be  advanced,  namely,  it  is  possible  that  the  finer  material, 
being  more  active,  effects  a  reversion  of  the  add  phosphate  sufficient  to  limit 
plant  growth  to  some  degree.  However,  in  view  of  the  large  amount  of  acid 
phosphate  applied,  this  does  not  appear  tenable.  Again  the  nitrogen  in  the 
soil  may  have  been  oxidized  to  nitrates  more  rapidly  with  soils  receiving 
the  finer  limestone,  and  rapidly  transformed  into  insoluble  nitrogenous 
compounds  before  the  plant  could  use  them.  As  has  been  previously  stated, 
after  harvesting  the  crops  (which  had  been  allowed  to  grow  to  maturity), 
water  was  flushed  through  the  soil  and  the  3800  cc.  of  drainage  water  collected. 
Duplicate  aliquot  samples  of  5  cc.  were  taken  for  the  determination  of  ammonia 
by  the  Nessler  colorimetric  method  (98),  and  25-cc.  portions  were  taken  for 
nitrate  nitrogen  determinations  according  to  the  phenoldisulphonic  add 
method.  The  3740  cc.  of  drainage  water  were  then  evaporated  to  about  400 
cc.  After  10  cc.  of  hydrochloric  add  (concentrated)  were  added,  the  solution 
was  made  up  to  500  cc.  and  kept  in  a  tightly-stoppered  Jena  flask  until  used 
for  the  determination  of  caldum  by  the  standard  permanganate  titration 
method. 

From  the  results  recorded  in  table  20,  it  will  be  noted  that  in  both  series 
an  increase  in  fineness  of  division  of  pulverized  limestone  was  accompanied 
by  a  decrease  in  loss  of  ammonia  in  the  drainage  ¥^ter.  As  was  to  be  ex- 
pected the  series  receiving  ammonium  sulfate  lost  more  ammonia  than  the 
series  receiving  no  nitrogen.  The  determination  oi  nitrates  and  caldum  in 
the  drainage  waters  led  to  no  definite  condusion  because  of  lack  in  agreement 
between  duplicate  treatments,  therefore  the  results  were  not  tabulated. 

After  permitting  the  soil  to  dry  out  suffidently  to  restore  the  optimum 
moisture  condition,  buckwheat  was  planted  and  the  crop  grown  to  maturity. 
In  this  case,  no  further  applications  of  limestone  were  made,  but  the  usual 
12  grams  of  ammonium  sulfate  were  applied  to  each  pot  of  the  series  receiving 
nitrogen.    The  yield  and  nitrogen  content  of  the  crops  are  recorded  in  table  21 . 
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In  the  series  receiving  no  nitrogen  there  is  an  increase  in  crop  yield  with 
60  to  80-mesh  as  compared  with  20  to  40-mesh  limestone.  The  material  finer 
than  60-mesh  caused  a  decline  in  3deld  which,  however,  remained  superior 

TABLE  20 
Analysis  of  first  drainage  water  for  ammonia 


ntBATUBMT 


NH*  IN  3800 

CXNTUfSTBRS 


DUFUCATX 

NH* 


AVSRAOK 

NHa 


OVR 

NHs 


No  nitrogen  applied 


Check 

20-  40  mesh. 

60-  80  mesh. 
100-200  mesh. 
200  -f  mesh. . . 


0.532 
0.026 
0.030 
0.011 
0.019 


0.619 
0.621 
0.630 
0.636 


12  grams  (NHOtSO*  applied 


Check 

20-  40  mesh. 

60-  80  mesh. 
ipO-200  mesh. 
200  -f  mesh. . . 


1.140 
0.570 
0.836 
0.570 
0.285 


1.133 
0.950 
0.608 
0.228 
Lost 


0.475 
0.513 
0.836 
0.950 


TABLE  21 

The  effect  of  fineness  of  division  of  pulverised  limestone  on  the  yield  of  buckwheat  in  drainage 
tanks  wilk  and  without  applications  of  nitrogen 


DUFUCATSS 


AVSRAGB 
NRKOaSN 


TOTAL 
MmOGXH 


Without  nitrogen 


tr^mu 

r^ms 

petcmt 

percent 

percent 

tmms 

Check 

38.0 
44.9 

15.7 
43.0 

26.9 
44.0 

1.99 
1.31 

1.95 
1.43 

1.97 
1.37 

0.53 

20- 40 mesh... 

0.60 

60-  80  mesh.. . 

68.7 

71.7 

70.2 

1.17 

1.33 

1.25 

0,88 

100-200  mesh... 

58.0 

53.0 

55.5 

1.22 

1.29 

1.26 

0.70 

200  +  mesh. . . . 

54.8 

50.7 

52.8 

1.56 

1.53 

1.55 

0.82 

12  grams  (NH4)tS04  applied 


Check 

16.0 
80.4 

17.6- 
88.6 

16.8 
84.5 

2.37 
1.96 

2.37 
2.36 

2.37 
2.16 

0.40 

20-  40  mesh.. . 

1.82 

60-  80 mesh... 

93.5 

103.4 

99.0 

1.86 

2.14 

2.05 

2.03 

100-200  mesh... 

90.9 

84.0 

87.5 

2.20 

2,14 

2.17 

1.90 

200  + mesh.  ... 

88.5 

94.9 

92.7 

2.12 

2,12 

2.12 

1.97 

to  the  20-mesh  limestone.  There  was  very  little  variation  in  the  percentage 
of  nitrogen,  although  in  this  instance  the  200-mesh  limestone  gave  a  consid- 
erably higher  percentage  than  did  the  other  grades  of  limestone.    The  reason 
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for  the  high  nitrogen  content  in  the  checks  is,  of  course,  the  relatively  low 
yield,  this  phenomenon  being  of  too  common  occurrence  to  require  further 
comment.  Again  in  general,  the  total  nitrogen  in  grams  is  roughly  propor- 
tional to  the  yields  obtained.  In  the  series  receiving  ammoniimi  sulfate 
it  is  at  once  evident  that  the  total  yield  of  all  pots  (with  the  exception  of  the 
checks,  due  to  higher  acidity),  is  higher  than  in  the  case  of  the  soils  receiving 
no  nitrogen.  Again,  the  results  with  the  different  grades  of  limestone  and 
ammoniimi  sulfate  exactly  parallel  those  obtained  where  nitrogen  was  not 
added.  The  variations  in  nitrogen  content  are  negligible.  The  fact  that  the 
60-mesh  gives  a  superior  3deld  to  that  obtained  with  the  finer  limestone  has 
already  been  discussed  in  connection  with  the  previous  crop.  It  is  espe- 
cially interesting  to  note  that  the  3delds  where  fine  pulverized  limestone  is 

TABLE  22 

NetUralizaiion  of  acidity  by  different  degrees  of  fineness  of  pulverized  limeslone  {Sassafras  sandy 

loam  after  growing  buckwheat) 


TESATMBNT 


CaO  FBR  AOLB   C«0 


AVKKAQB  CaO 


No  nitrogen  a 

pplied 

Check 

pounds 
4,900 
3,100 
2,600 
1,750 
1,650 

pounds 
4,600 
3,100 
1,600 
1,650 
1,650 

pounds 
4,750 

20-  40  mesh 

3,100 

60-  80  mesh 

2,100 
1,700 
1.650     * 

100-200  mesh 

200  +  mesh 

12  grams  (NH4)jS04  applied 

^  .     % 

Check 

5,200 
3,600 
3,600 
2,250 
1,900 

4,500 
3,400 
2,500 
3,300 
2,000 

4,850 
3,500  ^ 
3,050 
2,375 
1,950 

20-  40  mesh 

60-  80  mesh 

100-200  mesh 

700-1-  mesh, 

used  without  any  addition  of  nitrogen  are  only  slightly  inferior  to  the  yields 
obtained  where  coarse  limestone  was  accompanied  by  an  application  of 
ammonium  sulfate  at  the  rate  of  660  poimds  per  acre. 

In  order  to  cast  further  light  upon  the  neutralization  of  soil  aridity  by  the 
different  grades  of  pulverized  limestone,  the  lime-requirement  of  all  soils 
was  determined  after  harvesting  the  crops  and  before  leaching.  This  was 
done  by  taking  three  cores  of  soil  the  entire  depth  of  the  pot,  mixing  them 
thoroughly  and  measuring  out  a  representative  sample  of  200  grams,  of  which 
10-gram  portions  were  used  for  the  Veitch  determinations.  The  results 
obtained  are  shown  in  table  22  and  may  be  considered  of  primary  importance; 

In  the  first  place  it  is  evident  in  both  series  that  an  increase  in  fineness 
of  division  is  respoiftible  for  a  diminution  of  the  lime-requirement.    Again, 


Digitized  by 


Google 


56  NICHOLAS  KOPELOFF 

it  will  be  seen  that  in  comparing  the  series  receiving  ammonium  sulfate  with 
the  series  receiving  no  nitrogen,  the  former  had  a  uniformly  higher  lime- 
requirement  than  the  latter,  regardless  of  the  grades  of  limestone  used.  While 
the  agreement  between  duplicates  is  not  in  all  cases  what  might  be  desired, 
nevertheless,  the  general  trend  is  unmistakable.  This,  after  a  fashion,  may 
be  consideted  as  bearing  upon  the  discussion  of  crop  yield,  namely,  the  com- 
posite sample  of  soil  receiving  200-mesh  limestone  has  a  lower  lime-requiie- 
ment  than  where  the  coarser  material  was  used,  but  the  fact  that  the  plants 
could  not  take  advantage  of  this  indicates  that  much  of  the  neutralization 
took  place  below  the  root  zone.  Consequently,  the  yields  obtained  with 
medium  fine  material  ate  superior  to  those  obtained  with  very  fine  limestone. 

After  harvesting  the  crops,  the  soil  in  each  pot  was  leached  as  previously 
described  and  duplicate  samples  of  20  cc.  were  taken  for  the  determination 
of  acidity  by  titration  with  N/50  NaOH,  phenolphthalein  being  used;  and 
of  alkalinity  by  titration  with  N/50  HCl,  with  methyl  orange  as  an  indicator. 
The  general  tendency  was  for  a  decrease  in  acidity  with  an  increaft  in  fine- 
ness of  division  of  pulverized  limestone,  and  for  an  increase  in  alkalinity. 
The  series  receiving  nitrogen  showed  a  higher  acidity  than  where  anmionium 
sulfate  was  applied.  Thus  it  required  0.86  cc.  of  N/50  NaOH  to  neutraUze 
the  acidity  where  200-mesh  was  used,  as  against  1.75  cc.  where  20-mesh  lime- 
stone was  \ised  in  the  series  receiving  no  nitrogen,  and  1.46  cc.  as  against 
1.96  cc.  in  the  series  receiving  anunonivun  sulfate.  The  other  results  were  not 
tabulated  because  of  lack  of  sufficient  agreement  between  duplicates.  This 
is  likewise  true  of  the  determinations  of  anunonia,  nitrates  and  calcium,  al- 
though the  general  tendency  exhibited  was  that  an  increase  in  fineness  of 
division  of  pulverized  limestone  was  responsible  for  a  decrease  in  the  loss 
of  anunonia  and  nitrate  nitrogen  and  an  increase  in  the  loss  of  caldmn  in  the 
drainage  waters. 

The  next  crop  to  be  grown  in  these  pots  was  rape.  This  was  selected  be- 
cause of  the  fact  that  the  experiment  in  progress  required  that  there  be  no 
addition  of  nitrogen  to  one  series  of  soils,  and  rape  is  not  regarded  as  a  heavy 
feeder  on  nitrogen.  Of  course,  the  root  residues  of  former  crops  furnished  a 
souroe  of  nitrifiable  material  and  this  is  undoubtedly  the  principal  reason  for 
the  good  yidds  obtained.  Fifteen  grams  of  add  phosphate  and  7.5  giams  of 
muriate  of  potash  were  added  at  the  outset  of  the  experiment  and  limestone 
w^  added  to  all  soils  in  excess  of  the  lime-requirement  as  determined  after 
harvesting  f>uckwheat  (table  22).  These  applications  were  made  on  the  basis 
of  two-thirds  in  excess  of  the  lime-tequirement  of  the  soils  having  the  greatest 
addity  (the  checks  receiving  one-fourth  in  excess  in  the  form  of  200-mesh 
limestone).  The  additicms  of  fertilizer  and  lime  were  made  two  weeks  before 
planting  20  rape  seeds.  The  seedlings  were  thinned  to  10  in  number,  and  the 
additional  application  of  5  grams  of  ammonium  sulfate  made.  The  crop  was 
grown  to  maturity  but  difficulty  was  experienced  in  combatting  cabbage 
worms.    This  pest  was  finally  exterminated,  after  creating  considerable  dam- 
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age,  by  sprinkling  the  leaves  with  powdered  lead  arsenate.    The  results  of 
crop  yield  and  nitrogen  content  are  recorded  in  table  23. 

While  the  differences  between  treatments  are  not  pronounced,  due  to  the 
fact  that  an  excess  of  lime  was  applied,  nevertheless,  it  is  evident  in  both 
series  that  the  60  to  80-mesh  limestone  yielded  superior  results  while  the 
200-mesh  appeared  to  better  advantage  than  did  the  20-mesh  limestone,  which 
corroborates  the  conclusions  based  on  the  yields  with  the  previous  two  crops. 
Again  the  percentage  of  nitrogen  in  both  series  is  highest  with  the  200-mesh 
limestone,  while  the  total  nitrogen  in  grams  parallels  the  crop  yields.  It  will 
also  be  seen  the  series  receiving  ammoinum  sulfate  gave  higher  yields  and 
nitrogen  content  than  the  series  receiving  no  nitrogen.    However,  the  yields 

TABLE  23 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  the  yield  of  rape  in  drainage  tanks 
(two-thirds  in  excess  of  lime-requirement) 


TRBATMBNT 


WSIOBT 
€&  OLOP 

DUPUCATBS 

AVXKAOX 

MmOOBN 

NTnOOXM 

AVnAOB 

mnoGBN 

TOTAL 
mTKOOSN 


No  nitrogen  applied 


gfOIHS 

gram 

grams 

perctni 

ptrcmt 

p0rctnt 

tram$ 

Check 

55.4 
56.0 

68.4 
60.0 

61.9 
58.0 

1.50 
1.31 

1.55 
1.29 

1.53 
1.30 

0.95 

20- 40 mesh... 

0.75 

60- 80 mesh... 

71.0 

72.5 

71.8 

1.29 

1.31 

1.30 

0.93 

100-200  mesh... 

72.2 

64.2 

68.2 

1.28 

1.40 

1.34 

0.91 

200  + mesh.... 

66.2 

69.2 

67.7 

1.42 

1.35 

1.39 

0.94 

12  grains  (SIU)tSOA  applied 


Check 

78.7 
77.7 

70.5 
72.0 

74.6 
74.9 

2.63 
1.89 

2.85 
1.81 

2.79 
1.85 

2.08 

20-  40 mesh... 

1.39 

60- 80 mesh... 

95.0 

81.2 

88.1 

1.81 

1.87 

1.84 

1.62 

100-200  mesh... 

76.7 

71.0 

73.9 

1.88 

1.88 

1.88 

1.39 

200  +  mesh 

76.0 

76.6 

76.3 

1.88 

1.92 

1.90 

1.45 

with  the  finer  limestone  without  nitrogen  were  only  slightly  inferior  to  those 
obtained  with  the  coarse  limestone  where  ammonium  sulfate  had  been  added 
at  the  rate  of  600  pounds  to  the  acre.  Thus  one  might  argue  that  limestone 
was  responsible  for  an  increased  supply  of  available  nitrogen  to  the  plant. 
X  Following  the  previous  procedure  of  determining  the  lune-requirement  of 
all  the  soils  before  leaching,  the  results  are  presented  in  table  24. 

It  will  be  seen  that  in  both  series  an  increase  in  fineness  of  division  of  pul- 
verized limestone  was  accompanied  by  a  decrease  in  the  lime-requirement. 
There  is  mutual  corroboration  in  the  fact  that  the  check  soils,  as  well  as  those 
regularly  receiving  200-mesh  limestone,  were  alkaline,  for  it  wiU  be  remembered 
that  the  former  received  an  excessive  application  of  200-mesh  limestone.  It 
is  further  interesting  to  note  that  the  acidity  developed  in  the  soils  receiving 
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60-mesh  is  only  one-half  (or  less)  of  that  developed  in  the  soils  receiving 
20-mesh  limestone. 

The  soils  were  leached  in  the  usual  manner  and  the  acidity  and  alkalinity 
titrated  as  before.  Again,  the  results  indicate  that  with  an  increase  in  fine- 
ness of  division  of  pulverized  limestone  there  is  a  decrease  in  acidity  and  an 
increase  in  alkalinity.  For  example,  in  the  series  receiving  no  nitrogen,  20 
cc.  of  drainage  water  from  the  soil  treated  with  20-mesh  requires  3.28  cc  of 
N/SO  NaOH  to  effect  neutralization  while  200-mesh  requires  only  2.53  cc 
In  the  series  receiving  ammonium  sulfate,  the  former  treatment  requires  3.93 
cc.  and  the  latter  only  1.80  cc.  The  results  of  the  ammonia  and  nitrate  de- 
terminations were  too  variable  to  permit  of  definite  conclusions,  although  there 

TABLE  24  ^ 

Neutralizaiion  of  acidity  by  diferent  degrees  of  fineness  of  division  of  pulverized  limestone 

(Sassafras  sandy  loam  after  grovnng  rape).     Two-thirds  in  excess  of  Ume  require- 

meni  applied — 200-mesh  limestone  applied  to  check 


CaO 


CaO 


AVXKAOS  CaO 


No 

nitrogen  applied 

Check 

pwmdi 

2,500 

1,300 

Alkaline 

Alkaline 

pounds 

Alkaline 

2,300 

1,200 

Alkaline 

Alkaline 

pounds 
Alkaline 

20-  40  mesh 

2,400 

60-  80  mesh 

1,250 

A1kftlin<^ 

100-200  mesh 

200  +  mesh 

Alkaline 

12  grams  (NEUjSO*  applied 


Check 

100 
3,500 
1,900 

100 
Alkaline 

Alkaline 

2,900 

800 

Alkaline 

Alkaline 

50 

20-  40  mesh 

3,200 

1,350 

50 

60-  80  mesh 

100-200  mesh 

200  +  tnesh 

Alkaline 

appeared  to  be  a  tendency  for  an  increase  in  fineness  of  division  of  pulverized 
limestone  to  cause  a  decrease  in  loss  of  ammonia  and  nitrates.  Thus  in  the 
series  receiving  ammonium  sulfate  the  20-mesh  treated  soils  contained  2.10 
mgm.  of  nitrogen  nitrates,  while  the  soils  treated  with  200-mesh  yielded  only 
0.46  mgm.  of  nitrogen.  Again  in  the  series  receiving  no  nitrogen,  with  the 
20-mesh  there  were  1.653  mgm.  of  nitrogen  in  the  form  of  ammonia  in  the 
drainage  compared  with  0.798  mgm.  of  nitrogen  in  the  case  of  the  200-mesh. 

The  results  of  the  calcium  determinations  in  the  drainage  water  are  pre- 
sented in  table  25. 

It  will  be  seen  that  in  both  series  (with  one  exception)  there  is  an  increased 
loss  of  lime  with  an  increase  in  fineness  of  division  of  pulverized  limestone. 
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While  the  duplicates  are  not  always  in  dose  agreement,  nevertheless,  the 
general  tendency  of  the  averages  is  pronounced. 

Since  rape  grew  so  well  under  the  conditions  of  its  first  trial,  it  was  deemed 
advisable  to  use  the  same  plant  again.  No  lime  or  fertilizer  was  added  other 
than  the  ammonium  sulfate  in  the  manner  previously  described.  Twenty- 
five  seeds  were  planted  in  each  pot,  and  these  were  later  thinned  to  15  seed- 
Imgs.  An  inspection  of  the  results  in  table  26  shows  slight  differences  as  a 
result  of  treatment. 

However,  as  usual  the  60-mesh  limestone  is  superior  to  the  other  grades. 
The  yields  on  the  soils  receiving  ammonium  sulfate  are  distinctly  superior 
to  those  receiving  no  nitrogen.  Because  of  the  nature  of  these  results,  dif- 
ferences in  drainage  waters  were  not  to  be  anticipated,  and  consequently  the 
soils  were  not  leached. 

TABLE  25 
A  nalysis  of  drainage  water:  determinaiion  of  calcium.     Third  series 


TKBATMBNT 


Ca 


No  fUtrogen  applied 

Check 

mgm. 
78.3 
77.9 
71.7 
81.8 
85.4 

mtm. 
73.0 
Lost 
70.0 
80.5 
.89.8 

mgm. 
75.7 

20-  40  mesh  ... 

77.9 

60-  80  mesh 

70.9 

100-200  mesh 

81.2 

200  -f-  mesh 

87.6 

12  grams  (NH4)tS04  applied 


Check 

51.9 

69.5 

153.1 

176.0 

176.0 

79.2 

112.2 

49.3 

^     Lost 

92.0 

65.6 

20-  40  mesh 

90.9 

60-  80  mesh 

101.2 

100-200  mesh 

118.4 

200  +  mesh 

134.0 

Summarizing  the  results  obtained  in  the  work  just  discussed  concerning 
the  growth  of  various  crops  in  large  pots  permitting  the  collection  of  drain- 
age water  and  the  analyses  thereof,  the  following  points  have  been  estab- 
lished, a  light  sandy  loam  (Sassafras)  being  treated  with  different  degrees  of 
fineness  of  pulverized  limestone,  which  had  been  cropped  to  barley,  buckwheat, 
and  rape  (twice). 

1.  Both  in  the  series  receiving  an  application  of  ammonium  sulfate  at  the 
rate  of  660  pounds  to  the  acre  and  that  receiving  no  nitrogen,  the  60-mesh 
limestone  gave  the  highest  yields.  This  is  explained  by  the  fact  that  the  finer 
grades  of  limestone  were  washed  down  below  the  root  zone  where  they  be- 
came less  effective  in  neutralizing  soil  acidity  and  making  plant-food  avail- 
able.   The  200-mesh  gave  higher  yields  than  20-mesh  limestone. 
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2.  The  highest  average  per  cent  of  nitrogen  in  the  various  crops  was  obtained 
with  the  200-mesh  limestone  in  the  series  with  and  without  nitrogen. 

3.  The  soils  receiving  an  application  of  ammonium  sulfate  at  the  rate  of 
600  pounds  to  the  acre  yielded  crops  superior  to  those  which  received  no 
nitrogen,  when  the  limestone  treatment  remained  the  same. 

4.  The  best  yields  with  the  finer  limestone  with  and  without  nitrogen  are 
only  slightly  inferior  to  the  3nelds  obtained  with  the  coarsest  limestone  on  soil 
receiving  660  pounds  of  ammonium  sulfate  to  the  acre.  This  suggests  a  pos- 
sible value  for  finely-pulverized  limestone,  namely,  the  making  available  of 
nitrogen  in  the  soil. 

TABLE  26 

The  effect  of  fineness  of  division  of  pulverized  limestone  on  the  second  successive  crop  of  rape 

grown  in  drainage  pots 


WXIOBT  OT 
OLOP 


DUPUCATBS 


Without  nitrogen 

Check            

17.7 
19.8 
24.2 
20.8 
18.0 

tnms 
20.9 
21.5 
23.6 
17.8 
23.1 

fTMH 

19.3 

20-  40  mesh 

20.7 

60-  80  mesh 

23.9 

100-200  mesh 

19.3 

200  -h  mesh 

20.6 

12  grams  (NH4)jS04  applied 


Check 

29.1 
32.2 
33.0 
31.5 
25.3* 

10. 3* 

32.2 

32.1 

31.5 

31.6 

29.1 

20-  40  mesh 

32.2 

60-  80  mesh 

32.6 

100-200  mesh 

31.5 

200  -f  mesh 

31.6 

*  Poor  growth  observed. 

5.  Large  galvanized  iron  pots  were  devised  for  growing  crops  in  the  green- 
house and  collecting  drainage  water.  The  analyses  of  the  latter  indicated  that 
an  increase  in  fineness  of  division  of  pulverized  limestone  was  responsible  for  a 
decreased  loss  of  ammonia  and  nitrate  nitrogen,  thereby  conserving  the 
nitrogen  supply.  There  was  an  increased  loss  of  calcium,  however,  which  is 
an  important  consideration  from  the  standpoint  of  economy  in  the  application 
of  lime. 

6.  As  in  the  preceding  experiments  an  increase  in  fineness  of  division  of 
pulverized  limestone  was  responsible  for  a  corresponding  decrease  in  the 
lime-requirement  of  the  soil.  The  titration  of  the  acidity  and  alkalinity  of 
the  drainage  waters  indicated  that  an  increase  in  fineness  of  division  of  pul- 
verized limestone  was  accompanied  by  a  decrease  in  aridity  as  measured  by 
N/10  NaOH  and  an  increase  in  alkalinity  as  measured  by  N/10  HCl. 
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SUMMARY 

Considering  as  a  whole  the  results  set  forth  in  this  investigation,  some 
interesting  facts  have  come  to  light  which  appear  to  have  a  direct  bearing 
upon  the  agricultural  practice  of  liming.  The  influence  of  fineness  of  division 
of  pulverized  limestone,  upon  crop  yield  on  various  soils  has  been  discussed, 
together  with  the  effect  upon  the  chemical  and  bacteriological  factors  of  the 
soil.  The  more  important  points  which  have  been  established  under  the 
limitations  of  the  experiment  may  be  suiomarized  as  follows. 

1.  An  increase  in  fineness  of  division  of  pulverized  limestone  from  20  to  40, 
60  to  80,  100  to  200,  to  finer  than  200-mesh  is  responsible  for  a  proportional 
increase  in  the  yield  and  total  nitrogen  content  of  crimson  clover  on  several 
soil  types  (representing  extensive  fertile  areas  in  the  United  States);  and  a 
corresponding  decrease  in  lime-requirement. 

2.  From  the  above  standpoint  there  was  little  choice  between  burnt  lime 
and  200-mesh  limestone. 

3.  £mplo3dng  an  apparatus  devised  for  measuring  the  rate  of  neutraliza- 
tion of  soil  acidity  by  different  grades  of  pulverized  limestone,  it  was  found 
that  in  three  different  soils  the  limestone  finer  than  60-mesh  required  about 
three  weeks,  while  20-mesh  limestone  required  more  than  seven  weeks  to 
effect  neutralization.  An  increase  in  the  quantity  of  limestone  required  for 
neutralization  was  proportional  to  an  increase  in  fineness  of  division  of  pul- 
verized limestone,  for  any  given  period  of  time. 

4.  An  increase  in  fineness  of  division  of  pulverized  limestone  is  responsible 
for  an  increase  in  the  activity  of  the  bacteriological  processes  of  ammonifi- 
cation,  nitrification  and  nitrogen  fixation  (within  certain  limitations)  as 
measured  in  soil  and  solution.  This  holds  true  regardless  of  whether  the 
amount  of  limestone  applied  is  less  or  somewhat  more  than  the  indicated  Veitch 
lime-requirement. 

5.  The  increase  in  bacteriological  activities  with  an  increase  in  fineness  of 
division  of  pulverized  limestone  may  be  correlated  directly  with  the  chemical 
factors  involved,  i.e.,  the  rate  of  neutralization  of  acidity,  etc.,  and  also 
crop  yield. 

6.  With  pots  cropped  to  barley,  buckwheat  and  rape  (twice)  which  had 
been  designed  to  permit  the  collection  of  drainage  water,  it  was  found  that  on 
a  light  open  sandy  loam  the  highest  yields  were  obtained  from  soils  treated 
with  60  to  80-mesh  limestone.  Two  himdred-mesh  proved  superior  to  20-mesh 
limestone  but  inferior  to  the  former,  because  the  material  was  probably  washed 
down  below  the  root  zone.  These  results  were  paralleled  both  in  the  series 
with  and  without  nitrogen,  although  the  yields  in  the  former  case  were  superior 
to  those  in  the  latter.  However,  the  fine  limestone  without  nitrogen  gave 
almost  as  high  a  yield  in  several  instances  as  the  coarse  material  with  an  appli- 
cation of  660  pounds  of  armnonium  sulfate  to  the  acre.  The  highest  average 
per  cent  of  nitrogen,  however,  was  obtained  with  200-mesh  limestone. 
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7.  An  increase  in  the  fineness  of  division  of  pulverized  limestone  was  accom- 
panied by  a  reduction  in  the  lime-requirement.  An  analysis  of  the  drainage 
waters  indicated  that  there  was  a  decreased  loss  of  ammonia  and  nitrate 
nitrogen  but  an  increased  loss  of  calcium. 

8.  In  general,  an  increase  in  the  fineness  of  division  of  pulverized  limestone 
is  responsible  for  a  proportional  increase  in  crop  3deld,  as  well  as  for  exerting 
a  beneficial  influence  on  the  chemical  factors  in  the  soil.  Furthermore,  200- 
mesh  limestone  may  be  regarded  as  effective  as  burnt  lime. 

In  conclusion,  it  is  a  privilege  to  express  appreciation  to  Dr.  J.  G.  Lipman 
for  his  valuable  advice  so  generously  rendered  in  the  planning  and  execution 
of  this  investigation.  The  writer  is  also  indebted  to  Professor  A.  W.  Blair 
for  his  assistance  and  interest  throughout  the  work;  and  to  his  colleagues  in 
the  laboratory  for  many  timely  suggestions.  Thanks  are  due  Dr.  H.  £. 
Kiefer,  Mr.  £.  C.  Carhart  and  Mr.  £.  Meyer  for  material  furnished  by  them. 
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PLATE  I 

Galvanized  iron  pots  pennitting  collection  of  drainage  water,  cropped  to  barley. 

TreatmetU:  11,  12,  Minerals  +  12  grams  (NHJjSO*;  13,  14,  Minerals  +  12  grams 
(NH4)iS04  +  20-40  mesh  limestone;  15, 16,  minerals  +  12  grams  (NH0sSO4  +  60-80  mesh 
limestone. 
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THE  YIELD  AND  NITROGEN  CONTENT  OF  SOYBEANS  AS 
INFLUENCED  BY  LIME* 

J.  G.  LIPMAN  AND  A.  W.  BLAIR 
From  the  New  Jersey  Agricultural  Experiment  Station 

Received  for  publication  Januaiy  15, 1917 

In  earlier  papers  (2,  4)  the  authors  have  called  attention  to  some  of  the 
factors  which  may  influence  the  protein  content  of  soybeans.  It  was  pointed 
out,  for  example,  that  the  shelled  beans  from  limed  plots  contained  a  higher 
percentage  of  nitrogen  than  those  grown  on  similar  unlimed  plots,  and  that 
this  was  true  for  all  the  varieties  experimented  with. 

A  continuation  of  the  work  has  confirmed  the  earlier  results,  and  has  further 
shown  that  what  is  true  of  the  shelled  beans  is  also  generally  true  of  the  top 
part  of  the  plant  when  harvested  as  forage  or  as  dry  stalks,  and  of  the  roots 
with  their  accompan3dng  nodules. 

In  this  connection  it  was  suggested  by  the  senior  author  that  a  coimt  of  the 
nodules  on  the  roots  of  plants  from  limed  and  unlimed  plots  might  throw  some 
light  on  the  subject.  !- 

METHOD  or  CONDUCTING  THE  EXPERIBCENT 

The  soil  on  which  this  experiment  was  carried  out  is  a  loam  of  fair  quality, 
but  previous  to  1908  it  had  been  neglected.  In  the  spring  of  1908  certain 
of  the  plots  received  a  treatment  of  ground  limestone  at  the  rate  of  2000  poimds 
per  acre,  and  in  1913  a  further  treatment  at  'the  rate  of  4000  pounds  per  acre. 
Other  plots  referred  to  as  the  ''imlimed  plots"  have  received  no  lime  treat- 
ment. All  plots  receive  annual  applications  of  acid  phosphate  at  the  rate 
of  400  to  600  poimds  per  acre  and  muriate  of  potash  at  the  rate  of  100  to  200 
pounds  per  acre.  Since  1908  the  plots  have  been  used  for  leguminous  crops 
almost  entirely  and  as  this  crop  has  been  soybeans  for  the  past  four  years  the 
soil  is  now  well  inoculated,  as  shown  both  by  luxuriant  growth  and  the  abun- 
dance of  nodules  on  the  roots.  The  soil  originally  contained  about  0.09  to  0.10 
per  cent  of  total  nitrogen.  The  beans  were  planted  about  May  8  in  rows  33 
inches  apart.  Germination  was  good  and  during  the  season  they  received 
the  usual  attention  in  the  way  of  cultivation  and  hoeing. 

RESULTS  7&0M  CROP  HARVESTED  AS  FORAGE 

When  the  pods  were  well  set,  but  before  ripening  had  commenced,  twelve 
plants  were  carefully  removed  from  one  of  the  rows  of  each  of  6  varieties  that 

1  The  authors  are  indebted  to  Mr.  H.  C.  McLean  for  the  chemical  anals^ses  and  to  Mr. 
L..K.  WDkins  for  supervision  pf  the  field  work. 
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were  growing  on  limed  and  unlimed  plots,  and  a  count  was  made  of  the  num- 
ber of  nodules  per  plant.  This  coimt  showed  an  average  of  83.6  nodules  per 
plant  for  the  six  varieties  grown  on  limed  plots,  and  50  nodules  per  plant  for 
the  same  varieties  on  imlimed  plots. 

The  nimiber  of  nodules  varied  rather  widely  with  the  different  varieties, 
but  with  all  varieties  the  niunber  was  greater  on  the  limed  than  on  the  un- 
Umed  plots.  This  would  seem  to  substantiate  further  the  generally  accepted 
\iew  that  well  limed  soils,  other  things  being  equal,  present  more  favorable 
conditions  for  inoculation,  and  therefore  for  the  accumulation  of  atmospheric 
nitrogen  by  means  of  legimiinous  crops,  than  soils  that  are  distinctly  add. 
The  results  obtained  from  the  six  varieties  harvested  as  above  described  are 
given  in  table  1. 

With  one  exception  only,  the  yield  of  dry  matter,  both  tops  and  roots,  is 
greater  for  the  limed  than  for  the  imlimed  plots.  Likewise,  with  only  one 
exception,  the  percentage  of  nitrogen  in  the  dry  matter,  both  tops  and  roots, 
is  greater  for  the  limed  than  for  the  unlimed  plots. 

The  average  nitrogen  content  of  the  tops  for  the  six  varieties  is — Slimed, 
3.08  per  cent,  and  imlimed  2.67  per  cent;  and  the  average  for  the  roots  is — 
limed,  1.47  per  cent,  and  unlimed,  1.24  per  cent.  It  is  thus  shown  that  de- 
cidedly more  nitrogen  has  been  accumulated  on  the  limed  than  on  the  un- 
limed plots.  This  is  shown  in  the  two  columns  at  the  right — ^the  average 
amount  in  a  single  plant,  root  and  top,  for  the  limed  plots  being  0.71  gram 
and  for  the  unlimed  plots  0.43  gram. 

Manchu  for  the  limed  plots  shows  the  highest  percentage  of  nitrogen,  both 
roots  and  tops,  and  also  the  largest  amount  of  nitrogen  recovered  in  the  crop. 

RESULTS  yROM  THE  MATURED  CROP 

The  beans  on  a  portion  of  each  one  of  the  plots  referred  to  above  were 
allowed  to  ripen  and  were  harvested  by  pulling  up  the  entire  plant.  These 
were  stood  in  bunches  in  the  field  until  dry,  when  they  were  taken  in  and 
threshed  and  samples  of  both  beans  and  stalks  prepared  for  analysis.  At  the 
time  of  harvesting,  the  plants  had  shed  practically  all  of  the  leaves  so  that 
these  were  left  on  the  field  in  place  of  the  roots.  With  the  stalks  were  included 
the  roots  and  .also  the  bean  hulls. 

The  dry  weights,  calculated  to  the  acre  basis,  together  with  the  results 
of  the  nitrogen  determinations  are  shown  in  table  2. 

Here,  as  with  the  forage,  the  3deld  of  dry  matter  and  percentage  of  nitrogen 
for  both  shelled  beans  and  stalks,  are,  with  slight  exception,  higher  on  the 
limed  than  on  the  unlimed  plots.  This,  it  may  be  pointed  out,  is  in  accord- 
ance with  results  secured  in  similar  experiments  conducted  in  1914  (4)  and 
1915  (2). 

The  average  yield  of  shelled  beans  for  the  six  varieties  (Cloud,  Hollybrook, 
Ito  San,  Manchu,  Ohio  9035  and  Swan)  on  the  limed  plots  is  19.3  bushels 
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per  acre  and  for  the  same  varieties  on  the  unlimed  plots  it  is  13.2  bushels  per 
acre.  The  increase  on  the  limed  plots  of  6.1  bushels  per  acre  would  more 
than  pay  for  the  lime,  but  since  this  is  the  fourth  crop  of  beans  since  the 
last  application  of  lime  and  all  the  crops  were  benefitted  by  the  liming,  the 
lime  has  been  paid  for  long  ago,  and  the  6.1  bushels  represent  net  profit  in 
addition  to  the  increase  in  amoimt  of  stalks,  which  have  some  value.  In 
1915  seven  varieties  on  limed  plots  3delded,  on  an  average,  6.5  bushels  more 
than  the  same  varieties  on  unlimed  plots. 

Out  of  the  fourteen  varieties  in  1916,  only  four  fell  below  a  3deld  of  18 
bushels  per  acre  on  the  limed  plots,  while  the  Wilson  gave  a  yield  of  25.5 
bushels  and  Ohio  9035,  Swan,  Edna  and  Baird  yielded  between  20  and  25 
bushels  per  acre.  The  low  yield  secured  with  Tarheel  must  no  doubt  be 
attributed  to  the  fact  that  this  is  a  slow-growing  late-maturing  variety;  had 
heavy  frosts  come  early  the  yield  would  have  been  less,  and  possibly  no  beans 
would  have  matured.  This  variety,  however,  if  given  a  long  growing  season, 
makes  a  heavy  stem  and  leaf  growth  and  for  this  reason  would  make  an  ex- 
cellent green-manure  crop  where  land  is  not  to  be  otherwise  used  during  the 
summer  and  fall.  The  heavy  growth  is  indicated  by  a  yield  of  over  two  tons 
per  acre  of  dry  stalks.  The  3deld  of  dry  stalks  is,  without  exception,  larger 
on  the  limed  than  on  the  unlimed  plots.  For  the  six  varieties  that  have  corre- 
sponding unlimed  plots,  the  yield  is  approximately  50  per  cent  greater,  while 
the  total  nitrogen  for  these  same  varieties  is  just  about  100  per  cent  greater. 
With  only  one  exception  (stalks  from  Manchu),  the  percentage  of  nitrogen 
in  beans  and  stalks  from  limed  plots  is  greater  than  it  is  from  corresponding 
unlimed  plots.  This  is  in  accord  with  the  results  of  the  past  three  years, 
reference  to  which  has  already  been  made.  This  is  likewise  in  accord  with 
results  secured  at  the  Massachusetts  Agricultural  Experiment  Station  with 
red  clover  (5). 

It  is  thus  shown  that  the  use  of  lime  has  consistently  increased  the  3neld  of 
beans  and  stalks  and  has  also  given  a  feeding  material  richer  in  protein  than 
that  grown  on  imlimed  plots.  Special  interest  attaches  to  the  total  nitrogen 
recovered  in  seeds  and' stalks  for  the  limed  and  unlimed  plots.  The  lowest 
3neld  for  a  limed  plot — 71.68  pounds  per  acre — ^is  greater  by  about  10  pounds 
than  the  highest  yield  on  an  imlimed  plot. 

The  following  varieties,  limed,  gave  a  jdeld  of  nitrogen  above  100  pounds: 
Baird,  Ebony,  Edna,  Ohio  9035  and  Wilson,  with  Swan  almost  at  the  100- 
pound  mark.  The  average  for  the  six  imlimed  plots  is  53.52  pounds,  while 
the  average  for  the  six  corresponding  limed  plots  is  87.67,  or  an  increase  of 
more  than  50  per  cent. 

It  is  not  possible  to  say  how  much  of  this  nitrogen  was  gained  from  the 
air,  and  how  much  from  the  soil.  It  has  been  shown,  however,  from  a  num- 
ber of  experiments  covering  a  period  of  eight  or  nine  years  (3)  that  non- 
leguminous  crops  grown  on  nearby  plots,  where  the  soil  is  practically  the  same 
as  that  of  the  soybean  plots,  when   unaided  by  nitrogenous  fertilizers  or 
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green  manuies,  are  not  able  to  gain  from  this  soil  more  than  about  20  to  25 
pounds  of  nitrogen  per  acre,  and  while  it  does  not  necessarily  follow  as  true, 
it  seems  reasonable  to  assume  that  the  soybeans  would  probably  not  take  from 
the  sail  more  nitrogen  than  the  other  crops.  This  would  mean,  on  an  aver- 
age, about  65  pounds  of  nitrogen  per  acre  taken  from  the  air,  and  if  allowance 
is  made  for  the  leaves  which  were  left  on  the  field,  it  would  probably  mean 
more.  This  is  in  fair  agreement  with  results  secured  by  means  of  cylinder 
experiments  in  an  indirect  way,  where  leguminous  crops  were  used  as  a  source 
of  nitrogen  in  comparison  with  nitrate  of  soda  and  stable  manure  (1). 

This  points  to  the  soybean  as  a  plant  especially  efficient  as  an  accumulator 
of  atmospheric  nitrogen  and  emphasizes  the  desirability  of  its  wider  use  as  a 
means  of  maintaining  the  nitrogen  and  himius  supply  of  the  soil. 

SUMMARY 

1.  Earlier  experiments  have  shown  that  when  soybeans  are  grown  on  limed 
and  unlimed  plots,  the  liming  not  only  increases  the  yield  of  dry  shelled  beans, 
but  also  the  nitrogen  content  of  the  beans. 

2.  The  results  secured  in  1916  confirm  the  earlier  experiments  and  also 
show  that  liming  increases  the  yield  of  forage  when  the  crop  is  harvested 
either  as  hay  or  as  dry  stalks,  and  also  increases  the  percentage  of  nitrogen 
in  these  materials. 

3.  A  coimt  of  the  nodules  on  roots  of  plants  taken  up  about  the  time  the 
pods  were  fairly  well  filled  showed  an  average  of  83.6  nodules  per  plant  on 
the  limed  plots  and  50  nodules  per  plant  on  the  imlimed  plots. 

4.  The  average  yield  of  shelled  beans  on  the  unlimed  plots  was  13.2  bushels 
per  acre  and  the  average  on  the  corresponding  limed  plots  was  19.3  bushels. 
The  average  percentage  of  nitrogen  in  the  beans  for  unlimed  plots  was  5.73 
per  cent  and  for  the  limed  plots  6.15  per  cent.  In  1915  the  corresponding 
percentages  were  5.92  and  6.41,  and  in  1914  they  were  6.21  and  6.70. 

5.  The  average  yield  of  stalks  was,  for  unlimed  plots,  1342  pounds  per 
acre,  and  for  corresponding  limed  plots,  2041  poimds  per  acre.  The  average 
nitrogen  content  of  stalks  from  the  imlimed  plots  was  0.615  per  cent  and  from 
the  corresponding  limed  plots,  0.791  per  cent. 

6.  The  average  total  yield  of  nitrogen  recovered  in  the  crop  from  the 
unlimed  plots  was  53.52  pounds  per  acre  and  the  average  for  the  corresponding 
limed  plots  87.67  pounds  per  acre. 

7.  Reasoning  from  the  amoimt  of  nitrogen  which  non-leguminous  crops, 
without  the  aid  of  commercial  fertilizers  or  green  manures,  have  drawn  from 
nearby  plots  where  the  soil  is  similar,  it  is  believed  that  as  much  as  65  pounds 
of  this  nitrogen  was  taken  from  the  air. 
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INTRODUCTION 

The  loss  of  nitrogen  from  decomposing  manure  under  certain  conditions 
of  fermentation  proceeds  rapidly.  Wagner  (21)  has  shown  that  the  nitrogen 
of  urine  can  be  transformed  into  ammonium  compounds  within  48  hoiurs 
after  being  voided.  PfeiflFer  (14),  Wildt  (17)  and  Deherain  (7)  have  re- 
f>orted  results  showing  that  under  certain  conditions  of  fermentation 
manures  may  lose  as  much  as  42  per  cent  of  their  total  nitrogen  as  the  free 
element.  Niklewski  (13)  states  that  doubt  is  unfounded  as  to  the  liberation 
of  elementary  nitrogen  from  decomposing  maniure  in  consequence  of  the  co- 
operation between  nitrifying  and  denitrifying  bacteria.  Dietzell  (8),  Bjom- 
Anderson  (2)  and  Pfeiffer  (14)  have  proved  that  the  addition  of  acid  phos- 
phate to  maniure  will  prevent  the  liberation  of  nitrogen.  Gerlach  (9)  has 
recently  reported  that  the  action  of  gaseous  ammonia  upon  acid  phosphate 
results  in  the  formation  of  anunonium  sulfate  and  calcium  phosphate.  This 
is  evidence  that  the  conservation  of  nitrogen  in  manure  treated  with  acid 
phosphate  is  the  result  of  a  combination  between  ammonia  formed  and  cal- 
cium sulfate  furnished  by  the  acid  phosphate,  rather  than  the  prevention  of 
the  formation  of  ammonia. 

The  treatment  of  manure  with  gypsum  is  also  a  common  practice.  Ex- 
periments in  which  this  material  was  added  to  both  solid  and  liquid  manure 
have  been  reported  by  Schneidewind  (15),  Severin  (16),  Dietzell  (8)  and 
Bohme  (3).  The  results  show  that  a  loss  of  more  than  50  per  cent  of  the  total 
nitrogen  may  occur  from  untreated  manure,  but  that  when  5  to  10  per  cent 
of  calcium  sulfate  is  added  a  very  small  loss  of  nitrogen  occurs  and  that  the 
nitrogen,  in  the  case  of  urine,  is  almost  completely  changed  to  ammonium 
sulfate,  and  held  as  such.  Work  reported  by  the  Copenhagen  Station  (6) 
and  by  Stoklasa  (18)  shows  that  the  addition  of  sulfuric  add  reduced  the  loss 
of  nitrogen  from  75  per  cent  in  untreated  manure  to  almost  nothing.  Hall 
(10)  and  Schneidewind  have  each  called  attention  to  the  harmful  effects  that 
may  be  caused  by  the  application  of  gypsum-treated  manure  to  the  soil. 
The  claim  is  made  that  sulfides  produced  by  reduction  oi  sulfate  are  poisonous 
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to  growing  plants.  The  results  from  the  barnyard  manure  test  plots  of  the 
Ohio  Agricultural  Experiment  Station,  where  gypsum  mixed  with  manure 
at  the  rate  of  40  pounds  per  ton  has  been  used  since  1897,  show  no  ^uch  ef- 
fect, but,  on  the  other  hand,  a  gain  over  the  plots  treated  with  manure  alone. 
It  is  also  shown  by  these  results  (reported  in  Circular  144,  Ohio  Agr.  Exp, 
Sta.)  that  the  manure  designated  as  ''stall  maniure"  has  produced  larger  crop 
yields  than  ''yard  manure,"  thus  proving  that  prevention  of  loss  by  leaching 
is  necessary  to  realize  the  fullest  return  from  reinforcing  materials. 

The  use  of  elementary  sulfur  as  a  reinforcing  material  for  manure  has  not 
as  yet  received  much  attention.  Street  (19)  in  1900  reported  experiments 
planned  for  the  purpose  of  studying  changes  which  nitrogen  of  barnyard 
maniure  imdergoes  in  presence  of  various  fertilizing  materials.  Results  of 
this  work  continued  during  two  years  showed  that  sulfur  either  in  the  form  of 
commercial  flowers  of  sulf lu:  or  as  sulfate  of  iron  has  a  marked  effect  in  de- 
creasing the  loss  of  ammonia. 

Cook  and  Hutchinson  (5)  report  that  the  addition  of  1  pound  of  sulfur  per 
bushel  of  manure  greatly  reduced  the  number  of  flies  hatched  from  manure, 
but  that  such  heavy  applications  applied  to  the  soil  would  undoubtedly  have 
an  injurious  effect  on  plant  growth. 

J.  C.  Lipman  and  associates  (11)  have  recently  called  attention  to  the  bene- 
fit to  be  gained  from  treatment  of  compost  heaps  with  sulfur  and  "floats" 
by  furnishing  available  phosphorus. 

EXPERDCENTAL 

For  the  purpose  of  studying  the  influence  of  sulftu:  and  other  materials  upon 
the  fertilizing  value  of  manure  as  measured  by  changes  in  its  composition  and 
the  response  made  by  growing  crops,  experiments  with  reinforcing  materials 
were  started  at  the  Ohio  Agricultiural  Experiment  Station  in  May,  1915. 
The  first  experiment  reported  deals  with  the  effects  of  sulfur,  calcium  sul- 
fate and  acid  phosphate  upon  the  changes  occurring  in  solid  horse  manure. 
Data  pertaining  to  nitrogen,  phosphorus  and  sulfiu:  are  included.  Manure 
which  is  being  treated  in  larger  containers  and  under  the  conditions  described 
is  being  applied  after  fermentation  to  small  plots  to  determine  the  influence 
of  the  several  treatments  on  soil  conditions  and  plant  growth. 

Under  the  second  experiment  the  effect  of  the  same  reinforcing  materials 
on  the  nitrogen  content  of  cow's  urine  is  shown. 

Experiment  with  solid  manure 

The  horse  manure  used  in  this  experiment  had  accumulated  for  about  one 
week  in  box  stalls,  fine  cut  wheat  straw  being  used  as  litter  to  facilitate  mix- 
ing and  sampling.  The  manure  was  mixed  and  all  lumps  pulverized  to  in- 
sure a  complete  iutermixture  of  added  materials.  Four  lots  of  about  30 
pounds  each  were  weighed  out  and  treated  as  follows:  to  no.  1  was  added 
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342  grams  of  acid  phosphate;  to  no.  2,  407  grams  of  calcium  sulfate;  and  to 
no.  3,  90  grams  of  flowers  of  sulfur;  the  fourth  lot  was  left  untreated.  After 
addition  of  the  different  materials  the  samples  were  again  thoroughly  mixed 
and  appeared  to  be  of  uniform  structure.  About  25  pounds  of  each  of  these 
mixtures  was  placed  in  weighed  containers  and  the  remainder  saved  for 
analysis. 

The  containers  were  15  inches  in  diameter  and  19  inches  high,  and  were 
made  with  a  cover  that  allowed  a  paraffin  seal  to  be  made.  The  only  air 
admitted  was  through  a  glass  tube  extending  to. the  bottom  of  the  container 
through  a  rubber  stopper  in  the  center  of  the  cover.  The  weight  of  container 
and  contents  was  then  obtained.    Air  was  drawn  through  the  apparatus  for 


TABLE  1 
Changes  in  weight  and  loss  of  dry 

XAiraUAMD 
raOSPHATX 

ICAMUIX 
AND 

SUltXJR 

ICAMUIEAMD 

CALOIUM 
SULFATX 

IIANCTB 
UNnSATSD 

TotaJ  weight  of  n»ixtiire  ^t  beginTi»ng  ..,,,-- 

grams 
..8,471 

grams 

11,632 

11,392 

4,210 

3,441 

grams 

11,726 

11,176 

4,362 

3,408 

grams 
11,211 

Total  weight  of  mixture  at  end 

8,201 
3,617 
2,829 

10,505 

Total  weight  of  dry  matter  at  begimiing 

Total  weiffht  of  drv  matter  at  end .  •. 

4,047 
2,731 

Percentage  of  dry  matter  lost 

21.78 

18.2 

21.87 

32.5 

Total  weiirht  of  moistww*  At  hf^flrinnincr 

4,854 
5,372 

7,422 
7,951 

7,364 
7,768 

7,164 

7,774 

Gain  in  moisture 

518 

529 

404 

610 

57.3 
65.5 

63.9 
69.8 

52.8 
69.5 

63.9 

Percentage  of  moisture  at  end 

74.0 

3  hours  on  3  days  a  week  by  means  of  a  Crowell  rotary  pump,  which 
drew  100  liters  per  hour  through  each  container.  The  air  drawn  through  the 
containers  was  first  passed  through  three  wash  bottles  containing  sulfuric 
acid  and  sodium  hydroxide  and  w;ater,  in  the  order  named,  and  then  conducted 
through  the  glass  tubes  to  the  bottom  of  the  containers.  The  air  was  drawn 
from  the  outlet  in  the  top  of  the  container  and  passed  first  into  a  trap  and  then 
through  sulfuric  acid  and  sodium  hydroxide  solutions  for  absorption  of  am- 
monia and  hydrogen  sulfide. 

Loss  of  organic  matter.  After  standing  at  room  temperature  from  May 
7,  1915  to  January  14,  1916,  the  cans  and  contents  were  weighed  and  mois- 
ture determinations  made  immediately.  The  data  for  moisture  content  and 
loss  of  organic  matter  are  given  in  table  1. 

The  results  show  that  there  was  an  appreciable  loss  of  dry  matter  due  to 
the  destructive  processes  occurring  during  the  fermentation  of  manure  under 
the  conditions  to  which  it  was  subjected  in  this  experiment. 
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The  manure  treated  with  flowers  of  sulfur  lost  only  18.2  per  cent  of  its  dry 
matter  as  compared  with  a  loss  of  32.5  per  cent  from  the  untreated  manure. 
The  samples  treated  with  acid  phosphate  and  calcium  sulfate  lost  approxi- 
mately the  same  amounts  and  only  slightly  more  than  the  sulfur-treated 
manure.  This  is  a  reduction  of  more  than  44  per  cent  in  the  loss  of  dry  mat- 
ter from  the  manure  when  treated  with  sulfur,  and  a  reduction  of  more  than 
32  per  cent  by  the  addition  of  either  add  phosphate  or  calcium  sulfate. 

These  treatments  appear  to  have  been  unfavorable  for  the  development  of 
cellulose-dissolving  bacteria,  which  rapidly  destroy  cellulose  (12),  the  prod- 
ucts formed  by  their  activities  being  immediately  used  by  other  microorgan- 
isms with  the  liberation  of  carbon  dioxide  and  methane. 


TABLE  2 
Nitrogen  loss  and  changes 


Weight  of  total  nitrogen  at  beginning 

Weight  of  total  nitrogen  at  end 

Weight  of  nitrogen  lost 

Weight  of  nitrogen  recovered  as  ammonia . . . . 
Weight  of  nitrogen  lost  as  free  element  or  ex- 
perimental error 

Percentage  of  total  lost 

Weight  of  water-soluble  nitrogen  at  beginning 
Weight  of  water-soluble  nitrogen  at  end 

Percentage  of  original  water-soluble  nitrogen 
changed 


MANUSXAMD 
ACID 


grams 

66.0738 

63.9678 

2.1060 

0.0026 

2.1034 


3.1 


30.83 
6.31 


79.53 


KAMUUAMD 
BULVXTR 


grams 

94.8008 

91.1360 

3.6648 

0.0103 

3.6545 


3,8 


42.80 
14.69 


65.6 


MANCVEAND 
CALOUM 


grams 

89.1176 

86.0552 

3.0624 

0.0296 

3.0328 


3.4 


43.85 
14.52 


66.88 


grams 

96.4146 

86.1410 

10.2321 

0.0415 

10.2321 


10.6 


41.14 
12.81 


68.8 


A  dried  and  ground  sample  of  the  sulfur-treated  manure  at  the  end  of  the 
experiment  gave  an  acid  water  extract,  while  that  of  the  untreated  manure 
gave  an  alkaline  reaction.  The  fact  that  the  manures  contained  more  water 
at  the  end  of  the  experiment  than  at  the  beginning  indicates  that  the  bacteria 
had  optimum  working  conditions  so  far  as  the  moisture  content  was 
concerned. 

Changes  in  nitrogen  conUni.  The  amounts  of  different  forms  of  nitrogen 
found  in  the  manure  before  and  after  fermentation  are  given  in  table  2.  Since 
a  small  amount  only  of  the  total  nitrogen  content  was  evolved  as  ammonia 
from  the  imtreated  and  treated  manure,  it  appears  that  the  conditions  of 
fermentation  existing  during  the  experiment  were  not  favorable  for  the  lib- 
eration of  appreciable  quantities  of  anunoniacal  nitrogen.  The  weights  of 
nitrogen  evolved  from  the  different  samples  as  ammonia  and  as  free  nitrogen 
are  shown  in  table  2. 
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Total  nitrogen.  The  three  lots  of  treated  manure  have  lost  approximately 
the  same  amounts  of  total  nitrogen,  viz.,  3.5  per  cent.  This  figure  compared 
with  li  loss  of  10.5  per  cent  in  the  untreated  manure  shows  that  there  was  a 
conservation  of  nitrogen  by  the  reinforcing  materials  used.  Since  only  a 
small  amount  of  ammonia  was  recovered,  nitrogen  must  have  been  lost  as 
free  nitrogen. 

The  treatments  either  have  made  conditions  unfavorable  for  ammoniacal 
fermentation  or  have  been  efficient  in  preventing  the  escape  of  anmionia  which 
may  have  been  produced.  The  latter  view  appears  to  fvimish  the  more 
correct  explanation  when  the  results  obtained  are  considered  in  more  de- 
tail. 

The  acid  phosphate  treatment,  no  doubt,  furnished  sufficient  calcium 
sulfate  to  combine  with  ammonia  as  it  was  produced,  forming  ammonium 
sulfate.  A  reaction  may  also  have  taken  place  to  some  extent  between  mono- 
calcium  phosphate  and  anmionia.  In  the  sample  treated  with  calcium  sul- 
fate the  ammonia  formed  would  also  be  held  as  anunonium  sulfate.  Evi- 
dence of  the  efiPectiveness  of  calcium  sulfate  in  this  respect  is  furnished  by  re- 
sults obtained  in  the  second  experiment  reported  where  liquid  manure  was 
treated  with  calcium  sulfate.  The  fact  that  the  manure  treated  with  sulfur 
developed  acidity  equivalent  to  24  grams  of  sulfuric  acid  during  fermentation 
is  evidence  that  this  acidity  may  have  been  responsible  for  the  retention  of 
nitrogen  as  anmionia  where  sulfur  was  used  in  this  experiment.  The  con- 
ditions maintained  were  evidently  such  that  the  loss  of  free  nitrogen  was 
brought  about  by  denitrification  processes  developing  between  periods  of 
aeration  or  during  the  latter  part  of  the  experiment,  during  which  time  the 
containers  were  aerated  to  a  less  extent  than  previously. 

Water-soluble  and  non-proteid  nitrogen.  There  is,  under  all  conditions  of 
manure  fermentation,  a  transformation  of  water-soluble  nitrogen  to  insoluble 
nitrogen,  which  is  due  to  the  utilization  of  ammonia  and  other  soluble  com- 
p>ounds  of  nitrogen  by  bacteria.  In  this  experiment  the  effect  of  bacterial 
activities  during  fermentation  of  the  untreated  manure  and  that  treated 
with  gypsum  and  suU lir  has  been  to  change  approximately  67  per  cent  of  the 
water-soluble  nitrogen  originally  present  to  some  form  insoluble  in  water. 
In  the  acid  phosphate-treated  manure  there  was  a  greater  decrease  in  the 
water-soluble  nitrogen  content,  about  80  per  cent  being  changed  to  insoluble 
nitrogen.  The  supply  of  soluble  phosphorus  furnished  may  luive  favored  the 
development  of  bacteria. 

During  fermentation  about  70  per  cent  of  the  non-proteid  nitrogen  pres- 
ent in  the  untreated  manure  and  that  treated  with  sulfur  and  calcium  sul- 
fite at  the  beginning  of  the  experiment  has  been  changed  to  proteid  nitrogen. 

The  decreased  content  of  water-soluble  nitrogen  and  the  increase  in  proteid 
nitrogen  shows  the  eflFect  of  fermentation  on  solubility  and  availability  of 
the  nitrogen  compounds  of  manure. 

The  work  of  R.  A.  Berry  (1)  regarding  these  changes  m  mtrogen  coateat 
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of  manure  during  storage  shows  that  the  solubility  of  nitrogen  is  decreased 
considerably  during  fermentation. 

Changes  in  phosphorus.  The  analytical  data  pertaining  to  changes  in  the 
solubility  of  phosphorus  in  the  different  lots  of  manure  are  given  in  table  3. 
With  the  exception  of  the  manure  treated  with  acid  phosphate,  the  total 
phosphorus  content  is  approximately  the  same. 

Waler-soluble  and  citrate-insoluble  phosphorus.  During  the  fermentation 
of  untreated  manure  the  solubility  of  the  phosphorus  was  decreased  24  per 

TABLE  3 
Changes  in  phosphorus    * 


ICANUSEAND 

Acm 

THOSFHATE 

MANURE 

AND 
8D1IUR 

UANURBAND 

SUiPATE 

MANru 

UMTSXATZD 

Wdght  of  phosphorus  before  and  after  fermen- 
tation   

grams 

27.72 

10.81 

4.05 

grams 

14.55 
6.53 
4.23 

grams 

14.28 
5.12 
2.21 

grams 
14  12 

Weight  of  water-soluble  phosphorus  at  beginning 
Weight  of  water-soluble  phosphorus  at  end 

5.68 
4.28 

Percentaire  of  oriirinal  changed 

62.53 

35.2 

56.83 

24  6 

Weight  of  phosphorus  soluble  in  0.2  per  cent 
filVaM  ftt  beginning. 

6.59 
2.46 

9.05 

5.32 

10.00 
3.09 

8.57 

Weight  of  phosphorus  soluble  in  0.2  per  cent 

ftlltali  at  f  nd  .  ,  .  . 

5.09 

62.67 

41.2 

69.10 

40  6 

Weight  of  phosphorus  soluble  in  0.2  per  cent 
acid  at  beginning 

21.92 

29.79 

8.18 

12.23 

4.38 
3.77 

4.57 

7.69 
2.12 
6.47 

2.88 
2.78 

4.24 

7.77 

.    2.35 

2.40 

2.84 
2.30 

3  74 

Weight  of  phosphorus  soluble  in  0.2  per  cent 
acid  at  end 

8  69 

Weight  of  inorganic  phosphorus  at  beginning  . . . 

Weight  of  inorganic  phosphorus  at  end 

Weight  of  citrate-insoluble  phosphorus  at  begin- 
ning .    .    ,    ,    r    .    ,    -    .    .   ,        , 

1,94 
5.03 

3  54 

Weight  of  dtrate-insoluble  phosphorus  at  end . . . 

2.13 

Percentage  of  orifinal  chansred 

13.92 

3.4 

19.01 

40.0 

cent.  The  reduction  of  water-soluble  phosphorus  in  the  manure  treated  with 
acid  phosphate  was  62  per  cent  of  the  soluble  phosphorus  present  at  the  be- 
ginning of  the  experiment.  As  the  acid  phosphp.te  added  contained  5.8 
per  cent  of  water-soluble  phosphorus,  the  greater  decrease  in  solubility  was 
that  of  soluble  phosphorus  added.  Calcium  sulfate  has  actively  decreased 
the  solubility  of  phosphorus  originally  present.  If  depression  of  solubility 
of  phosphorus  in  fermenting  manure  is  due  to  the  function  which  phosphorus 
performs  in  the  life  cycle  of  bacteria,  it  would  seem  that  calcium  sulfate  had 
stimulated  bacterial  activities. 
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The  amount  of  citrate-insoluble  phosphorus  in  all  the  samples  was  less 
after  fermentation  than  before,  showing  that  during  fermentation  there  has 
been  a  change  from  insoluble  to  citrate-soluble  forms.  The  greatest  change 
is  found  in  the  imtreated  sample,  in  which  40  per  cent  of  the  original  citrate- 
insoluble  phosphorus  has  been  changed  to  forms  soluble  in  neutral  ammomum 
citrate  solution.  The  acid  phosphate  and  calcimn  sulfate  samples  show  a 
change  of  13  and  19  per  cent,  respectively;  the  change  in  manure  treated  with 
sulfur  was  very  small.  The  results  for  water-soluble  and  dtrate-insoluble 
phosphorus  show  that,  while  there  has  been  a  loss  of  water-soluble  phosphorus 
during  fermentation,  at  the  same  time  there  has  occurred  an  increase  of  phos- 
phorus soluble  in  neutral  ammonium  citrate.  Similar  results  are  reported 
by  Tottmgham  and  HoflFman  (20). 

Inorganic  phosphorus.  The  results  obtained  for  inorganic  phosphorus  by 
the  method  (4)  used  show  that  the  amount  present  at  the  beginning  of  the 
experiment  has  been  increased  during  fermentation,  except  in  the  case  of  the 
calcium  sulfate-treated  manure,  where  the  same  amount  was  found  at  the 
end  of  the  experiment  as  at  the  beginning. 

Solubility  of  phosphorus  in  0.2  per  cent  sodium  hydroxide  solution  has 
been  reduced  in  all  the  samples  by  approximately  50  per  cent  of  the  amount 
originally  present.  Aside  from  having  a  solvent  action  on  iron  and  aluminum 
phosphates  possibly  present,  it  would  be  expected  that  the  action  of  dilute 
alkali  would  be  greater  on  organic  phosphorus  compounds  than  on  inorganic 
phosphates.  There  has  been  a  decidedly  increased  solubility  of  phosphorus 
in  0.2  per  cent  hydrochloric  acid,  and  this  increase  has  been  greater  in  the 
manure  to  which  no  phosphorus  was  added. 

The  comparative  solubility  of  phosphorus  in  0.2  per  cent  hydrochloric 
acid  and  water,  before  and  after  fermentation,  is  of  interest  as  indicating  a 
change  from  organic  to  inorganic  phosphorus.  With  the  exception  of  manure 
treated  with  acid  phosphate,  less  phosphorus  was  soluble  in  0.2  per  cent  acid 
than  in  water  at  the  beginning  of  the  experiment,  while  after  fermentation 
Ihe  acid-soluble  phosphorus  exceeded  the  water-soluble.  The  reduced  solu- 
bility of  phosphorus  in  dilute  alkali  and  the  increased  solubility  in  acid,  con- 
sidered in  connection  with  results  obtained  for  inorganic  phosphorus,  furnish 
evidence  of  the  change  from  organic  to  inorganic  phosphorus  during  thie  period 
of  fermentation,  imder  the  conditions  of  this  experiment. 

Changes  in  sulfur.  Considerable  quantities  of  sulfur  were  evolved  as  hy- 
drogen sulfide  from  the  treated  and  untreated  manure  during  fermentation. 
The  formation  of  hydrogen  sulfide,  however,  proceeded  at  a  much  slower 
rate  in  the  untreated  than  in  the  manures  treated  with  sulfiu:,  calcium  sul- 
fate and  acid  phosphate.  A  measiure  of  the  hydrogen  sulfide  evolved  was 
obtained  by  determining  the  sulfur  content  of  the  sodium  hydroxide  solutions 
used  in  the  absorption  of  hydrogen  sulfide.  The  weights  of  sulfur  which  were 
evolved  as  hydrogen  sulfide  were  as  follows:  From  manure  treated  with  sul- 
fur, 9.29  grams;  manure  treated  with  acid  phosphate,  6.01  grams;  manure 
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and  calcium  sulfate,  3.46  grains;  and  from  the  untreated  manure,  0.3867 
grams.  These  figures  show  that  the  largest  amount  for  hydrogen  sulfide 
was  obtained  from  the  sulfur-treated  manure. 

The  odor  of  the  air  exhausted  from  the  containers  indicated  that  organic 
compounds  were  being  evolved  and  not  absorbed  by  the  acid  and  alkali  solu- 
tions through  which  the  air  was  passed. 

Determination  of  water-soluble  sulfates  in  the  sulfur-treated  manure  showed 
the  presence  of  sulfates  equivalent  to  15.2  grams  of  sulfuric  acid  at  the  b^in- 
ning  and  38.6  grams  at  the  end  of  the  experiment  This  is  a  production  of 
sulfates  equivalent  to  23.4  grams  of  sulfuric  acid  during  the  period  of  fermen- 
tation. The  imtreated  manure  showed  a  loss  of  sulfates  equivalent  to  4 
grams  of  sulfuric  add  which  is  due  in  part  to  the  evolution  of  hydrogen 
sulfide. 

The  results  obtained  by  titrating  the  boiled  water  extracts  of  the  sulfur- 
treated  and  imtreated  manure  with  tenth-normal  alkali  solution  gave  the  same 
indications  as  were  obtained  by  the  determination  of  water-soluble  sulfates 
in  two  samples.  Water  extracts  of  both  the  sulfur-treated  and  imtreated 
were  add  in  reaction  at  the  beginning  of  the  experiment,  while  after  fermen- 
tation the  sulfur-treated  manure  had  increased  in  addity  and  the  untreated 
manure  had  become  alkaline  in  reaction. 


Experiment  with  liquid  manure 

The  effect  of  sulfur,  calcium  sulfate  and  add  phosphate  on  liquid  manure 
was  studied  under  the  following  conditions:  SOO-cc.  portions  of  cow's  urine 
were  placed  in  2-quart  jars  and  the  materials  referred  to  added  in  amounts 
as  shown  in  table  4.    The  jars  were  covered  with  cheesecloth  and  placed  in 

TABLE  4 
Changes  in  nitrogen  content  of  liquid  manure 


27  grams  add  phosphate 
7  grams  sulfur 

27  grams  caldum  sulfate 
Untreated 


AT 

BBODDHNO 


irsMf 
5.09 
5.09 
5.09 
5.09 


ot 

MITEOOBN 
AT  XND 


4.83 

4.58 

4.595 

0.989 


percent 

5.1 
10.0 

9.72 
80.58 


AlllfONX- 

ACAL 
NITROOKN 

AT 
BXGIMMIMO 


gnms 

0.2 
0.2 

0.2 
0.2 


ov 

AMMONX- 

ACAL 

MITSOGKN 

AT  KND 


grams 
0.4642 
0.2923 
3.4750 
0.4299 


grams 
0.2642 
0.0923 
3.2750 
0.2299 


a  room  free  from  ammonia  fumes  and  allowed  to  stand  from  July  8  to  August 
14,  1916.  The  contents  of  the  jars  were  stirred  at  regular  intervals  during 
this  period.  The  results  reported  showing  a  loss  of  total  nitrogen  and  the 
changes  in  ammoniacal  nitrogen  occurring  in  the  several  portions  are  the  aver- 
age of  duplicate  determinations  upon  duplicate  jars. 
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The  untreated  urine  lost  80  per  cent  of  its  total  nitrogen.  While  the  ad- 
ditions of  sulfur,  calcium  sulfate  and  acid  phosphate  have  considerably  de- 
creased this  loss,  the  results  show  that  acid  phosphate  has  been  most  effective 
in  this  respect. 

The  quantities  of  ammoniacal  nitrogen  foimd  in  the  treated  portions  of 
urine,  as  compared  with  the  ammoniacal  nitrogen  content  of  the  untreated 
portion  at  the  end  of  the  experiment,  afford  an  explanation  of  how  the  treat- 
ments have  operated  in  preventing  loss  of  nitrogen.  In  the  case  of  urine 
treated  with  calcium  sulfate,  the  weight  of  ammoniacal  nitrogen  at  the  end 
of  the  experiment  was  only  slightly  less  than  the  total  nitrogen  content,  in- 
dicating that  ammonia  was  transformed  into  ammonium  sulfate  and  held 
in  this  form  as  rapidly  as  it  was  produced. 

As  the  ammoniacal  nitrogen  content  of  acid  phosphate-treated  urine  at 
the  end  of  the  experiment  is  only  slightly  increased  over  that  of  the  untreated 
portion,  acid  phosphate  has  prevented  the  formation  of  an  appreciable  amount 
of  ammonia  during  the  period  from  July  8  to  August  14.  The  same  conclu- 
sion can  be  drawn  from  the  results  for  the  sulfur-treated  urine. 

Some  time  after  the  period  during  which  the  experiment  was  continued, 
the  formation  of  ammonia  in  the  acid  phosphate-treated  portion  developed 
rapidly.  After  the  removal  of  a  part  of  the  contents  of  the  jars  on  August 
14  for  determination  of  total  and  ammoniacal  nitrogen  the  jars  were  sealed 
and  allowed  to  stand  until  December  7.  Upon  opening  the  jars  at  this  time 
the  acid  phosphate-treated  sample  was  found  to  be  alkaline  and  evolving  am- 
monia at  such  a  rapid  rate  that  red  litmus  paper  suspended  in  the  jar  was 
quickly  changed  from  red  to  bltie.  This  is  of  considerable  interest  in  view  of 
the  fact  that  acid  phosphate  was  most  effective  in  decreasing  loss  of  total  ni- 
trogen, and  at  the  same  time  prevented  the  formation  of  ammoniacal  nitrogen 
during  the  period  from  July  8  to  August  14. 

SUMMARY 

The  loss  of  dry  matter  from  manure  after  fermenting  for  250  days  was 
32.5  per  cent  in  untreated  manure  and  21.8  per  cent  from  manures  treated 
with  acid  phosphate  and  calcium  sulfate,  while  the  sulfur-treated  manure 
lost  18  per  cent. 

Manures  treated  with  acid  phosphate,  sulfur  and  calcium  sulfate  lost  ap- 
proximately 3.5  per  cent  of  their  total  nitrogen  as  compared  with  a  loss  of 
10.5  per  cent  from  the  imtreated  manure. 

The  water-soluble  and  non-protein  nitrogen  were  greatly  reduced  during 
fermentation. 

The  water-soluble  phosphorus  has  been  decreased  in  all  the  samples,  but  at 
the  same  time  the  citrate-insoluble  has  also  been  decreased. 

The  solubility  of  phosphorus  in  0.2  hydrochloric  acid  has  been  increased, 
and  the  organic  phosphorus  was  greatly  decreased  during  fermentation. 
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The  three  treated  manures  evolved  large  amounts  of  hydrogen  sulfide. 
The  largest  amoimt  was  evolved  from  manure  to  which  sulfur  was  added. 

The  manure  treated  with  flowers  of  sulfur  produced  water-soluble  sulfates 
equivalent  to  23.4  grams  of  sulfuric  acid,  as  compared  with  a  loss  of  about 
4  grams  from  the  untreated  sample  during  fermentation. 

The  acidity  of  water  extracts  of  untreated  and  sulfur-treated  manure  was 
the  same  at  the  beginning  of  the  experiment,  but  during  fermentation  the 
sulfur-treated  manure  increased  in  acidity,  while  the  untreated  sample  became 
alkaline. 

Sulfur,  calcium  sulfate  and  acid  phosphate  were  very  effective  in  prevent- 
ing loss  of  nitrogen  from  urine.  The  untreated  urine  lost  80  per  cent  of  its 
total  nitrogen. 

Treatment  with  sulfur  reduced  the  loss  of  nitrogen  to  10  per  cent  and  pre- 
vented formation  of  ammonium  salts. 

The  calcium  sulfate-treated  sample  lost  9.7  per  cent  of  its  nitrogen,  and  68 
per  cent  of  its  total  nitrogen  was  transfonned  to  ammonium  sulfate  and  held 
as  such. 

The  urine  treated  with  acid  phosphate  lost  only  S  per  cent  of  its  nitrogen, 
and  the  treatment  prevented  the  formation  of  ammoniacal  nitrogen  in  an  open 
container  during  the  37-day  period  of  the  experiment. 

After  standing  in  a  closed  jar  three  months  longer,  the  acid  phosf^te- 
treated  urine  was  found  to  be  alkaline  and  evolving  ammonia, 
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2  RECTOR  STREET 

Cable  Address:   Agrichem  New  York  City 

ARMOUR  FERTILIZER  WORKS 

General  Offices :  Union  Stock  Yards 
CHICAGO,   U.  S.  A. 

1501-1514  Munsey  Bldg.      BALTIMORE,  MD. 

BAUGH  &  SONS  CO. 

Manufacturers  and  Importers 

once:  30  South  Delaixrare  ATe.       Philadelphia,  Pa. 
Works:  Foot  of  Morris  St.  ^ 

BOWKER    FERTILIZER    CO. 

New  York  -  Boston  -  Cincinnati 

FaetoH— 

Ellzabethport,  N.  J.,  Brighton,  Mass. 

Cincinnati,  Ohio 

Nmw  York  OfRce  $0  Trinity  Place 

THE  COE-MORTIMER  CO. 

Manufacturers  of 

B.  Frank  Coe  Fertilizers 


51  Chambors  St. 


New  York  City 


HAFLEIGH  &  COMPANY 

Manufacturers  of 

BONE  PRODUCTS 

American^  Somerset,  Philip  and  Cambria  Sts. 
PHILADELPHIA,  PA. 

International    Agricultural    Corporation 

General  Offices,  61  Broadway 
NEW  YORK 

Southern  Department 

Hurt  Bldg.  Atlanta,  Ga. 

Keystone  Bone  Fertilizer  Company 

Office 
15  NORTH  FIFTH  STREET 

Works 

25th  WARD 

PHILADELPHIA  PENNA. 


N.  J.  Fertilizer  &  Chemical  Co. 

Works 

Crozton.  Jersey  City,  N.  J. 

Office 

136  Water  St.  New  York  City 


The  Phosphate  Mining  Company 

Manufacturers  of 

Acid  Phosphate 

124  Bay  St.,  East  Savannah,  Georgia 

RASIN  -  MONUMENTAL   CO. 

Manufacturers  of 

Fertilizers  and  Sulphuric  Acid 
BALTIMORE  MARYLAND 

F.  S.  ROYSTER  GUANO  CO. 
Royster  Building 


NORFOLK 


VIRGINIA 


SWIFT  &  COMPANY 

Producers  of 

BLOOD-BONE-TANKAGE 

Manufacturers  of 
HIGH-GRADE  FERTILIZERS 

Harrison  Station  NEWARK,  N.  J. 

I.   P.   THOMAS   &  SON   CO. 

Works 
Mantua  Point,  N.  J. 

Office 
1000  Drexel  Bldg.         PHILADELPHIA,  PA. 

F.  W.  TUNNELL  &  CO.,  Inc. 

Maanf acturers  of 
High  Grade  FertUizert 


Office 
15  North  Fifth  St. 


Pactofy 
Gaul  St.  &  Wheat  Sheaf  Lane 


PHILADELPHIA,  PA, 


Virginia-Carolina  Ciiemical  Co. 

Manufacturers  of 

FERTILIZERS 

Eastern  Sales  Office 

Equitable  Building  129  Broadway 


NEW  YORK  CITY 
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DIRECTORY  OF 
Ume  Manufacturers  and  Dealers 

Edison    Pulverized   Limestone    Co. 

No.  8  West  40th  St. 
New  York  City 

Telephone:    Vanderbilt  1863 

M.  J.  GROVE  LIME  CO. 

Ifanofacturers  of  the 

Famous  Frederick  County  Lime 
LIME  KILN,  MD. 

C.  T.  RUSSELL 

Manufacturer  of  Crushed  Osrtter  ShiUjfor 
Poultry  and  OyaCer  Sbefll  Lime 

Office  and  Worki 

Foot  of  Jersey  Avenue 

(Central  R.  R.  Freight  Yard) 

P.  O.  Box  25  JERSEY  CITY,  N.  J. 

Steacy  &  Wilton  Company 

Manufacturers  of 

"Sterling''  Brand  Hydrated  Lime 

WRIGHTSVILLE  PENNA. 

CHARLES  WARNER  COMPANY 

Manufacturers  of 
Best  Quality  Lime  Products 

WUm'n,  Del.        Philada.,  Pa.       N.  Y.  City 


SCIENTIFIC    associations,    interested    in 
producing  their  own  publications,   will 
secure  an  unusual  service  in  the  coopera- 
tion of  the  Waverly  Press  organization. 

We  annually  produce  more  than  sixty  scientific 
journals  and  proceedings  of  scientific  bodies. 
We  are  adequately  equipped  to  undertake  every 
phase  in  the  successful  development  and  manu- 
facture of  journals  of  this  character. 

Williams  &  Wilkins  Company 

2419-21  Greenmount  Ave. 
Baltimore,  U.  S.  A, 


Hot  Weather 

has  no  terrors 
if  you  own  an 
ice  machine 

Write  for  BRUNSWICK  Uteratme 

BRUNSWICK 

REFRIGERATING 

CO, 

Dept.  G,  NEW  BRUNSWICK,  N.  J. 


INSURE  YOUR  SEED  WITH 


ik#Pfl^  /*pnk««Ai  ^Aii    iMA^iM  A'TWk 


THE  SIMPLEST  SAFEST  AND  SUREST  SYSTEM 
OF  SOIL   INOCULATION  FOR  ALL  LEGUMES 

"NITRAGIN"  is  grown  from  original 
Hiltner  cultures — bacteria  with  the  greatest 
possible  nitrogen-gathering  power. 

It  is  sold  in  a  modern  scientific  form— 
the  granular  medium  in  the  ventilated  can. 
The  bacteria  are  therefore  of  high  \irility 
at  seeding  time. 

"NITRAGIN"  is  sold  by  seed  dealers 
generally.  If  your  dealer  cannot  supply 
you,  order  direct  from 

The  "NITRAGIN"  Co.,  Waterloo,  Iowa. 
Write  for  free  booklet 


Enriches 
the 
Soil 


Increases 

the 

Yield 
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MICHELIN 

Universal  Treads 


High  Quality— Moderate  Price 

Unusual  Durability 
Sold  Everywhere  -  -  Factory,  Milltown,  N.  J. 


Lister's  Dog  Soap 

Extensively  used  for  exterminating  fleas,  lice  and  other  vermin  which  in- 
fest animals. 

Has  won  high  endorsement  as  a  cure  for  mange,  sores  and  various  skin- 
diseases  to  which  cattle,  horses  and  dogs  are  subject. 

Used  at  the  world's  best  kennels. 

Known  around  the  world. 

Needed  by  all  farmers  and  dairymen. 

Handy  in  laboratory  work  upon  animals. 

Insist  on  Lister's  Dog  Soap. 

SOLD  BY  ALL  DRUGGISTS 

JOHNSON  &  JOHNSON 
New  Brunswick,  N.  J. 


Digitized  by 


Google 


1917  Volume  I 

JOURNAL 

OF 

DAIRY  SCIENCE 

THE  OFFICIAL  ORGAN  OP  THE  AMERICAN 
DAIRY  SCIENCE  ASSOCUTION 

Editor-in-Chief 
J.  H.  FRANDSEN 

Professor  of  Dairy  Husbandry,  University  of  Nebraska 
Lincoln,  Nebraska 

T^EVOTED  to  the  discussion  of  general  and 
-*^  technical  problems  in  the  field  of  dairy 
science,  including  such  phases  as  dairy  bacteri- 
ology, dairy  chemistry,  nutrition,  butter  making, 
market  milk,  cheese  making,  ice  cream  manufac- 
ture, condensed  milk  and  milk  powder,  dairy 
cattle,  breeding  problems,  dairy  engineering,  dairy 
management,  dairy  economics,  and  such  other 
problems  as  are  of  vital  importance  to  the  dairy 

industry. 

Published  bi-monthly 

About  600  pages  to  a  volume         One  volume  a  year         Illustrated 

North  America,  15.00  a  volume.    Foreign,  $5.50  a  volume 

ORDER  FROM 

WILLIAMS  &  WILKINS  COMPANY 

BAUriMORE,  U.  B.  A. 

THE  CAMBRIDGE  UNIVERSITY  PRESS 

FETTER  LANE,   LONDON;  E.  C. 


J.  S.  FRELINGHUYSEN 

INSURANCE 

111  WILLIAM  ST.,  NEW  YORK 

AweU 

Stuyvesant  Ins.  Co $2,257,302.34 

Insurance  Underwriters    .                                4.658.595.39 
Ins.  Co.  State  of  Pa.                                         4.658.595.39 
Industrial  Fire  Ins.  Co.                      .                   794.104.13 

Capiul 

$    700.000 

1.000.000 

1.000.000 

300.000 

Surplutto 
Policy  Holden 

$   925.756.10 

1. 40z. 353.66 

1.402.353.66 

408.562.44 

J.  S.  FRELINGHUYSEN, 

Gen.  Agt. 

Applications  on  risks  in  all  parts  of  the  United  Si 

tates  and  Canada  solicited 
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Sock  Science 


THE  INTERWOVEN  CONSTRUCTION 

lUnK  SOMMl  EKi  . 
(CAim«T  «Mmt) 

■LASnC  RIB  I    »1 

■WfOBCIOII" 
Qimaw  mm 


INTERWOVEN  STOCKING  COMPANY 

SOLE    MAKERS 


iwGLUftimonc 

TOE    AND    HEEI. 


NO  EQUAL  FOR  WEAR 
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NEW  REAGENT  BOTTLES 


OF 


AMERI CAN 
MANUFACTURE 


Vitrified  Black  Letters 
on  White  Background 


The  enamel  withstands  add  tests  and  the  bottles  are  similar  to 
the  Slender,  formerly  imported. 

We  are  sole  distributors  of  these  bottles  which  have  been  developed 
after  months  of  experimenting.  Prices,  for  the  time  being,  are  the 
same  as  the  Duty-paid  prices  specified  for  Stender  bottles  in  the 
1913  edition  of  our  catalog  ''C."  List  of  labels  at  present  available 
sent  on  application. 

Besides  a  large  list  of  chemical  labels^  we  also  have  a  special  set  of 
Poison  Labels.  Bottles  are  furnished  with  the  ordinary  Stender 
stopper,  or  with  the  square  E.  &  A.  stopper  as  desired. 

OMER  &  AMEND 

FOUNDED  185i 

Laboratory  Supplies  and  Industrial  Testing  Apparatus 
Third  Avenue,  18th  to  19th  Streets 

NEW  YORK  CITY 

BRANCH  OFFICES  AND  SHOWROOMS 
2011  Jenkins  Arcade,  PITTSBURGH,  PA.  48  Sparks  Street,  OTTAWA,  CANADA 
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GLASS    FUNNELS 

MADE  IN  U.  S.  A.— BETTER  THAN  IMPORTED 
Not  to  bo  Confused  With  Funnels  of  Inferior  Quality  Now  Being  Offered  at  Lower  Prices 


28548A. 


28544A. 


These  Funnels  are  made  in  the  U.  S  and 
are  of  distinctly  better  workmanship  and  ap- 
pearance, and  possess  greater  accuracy  of  60® 
angle,  than  the  usual  Imported  article. 

We  have  had  great  difficulty  in  securing 
a  sufficient  quantity  for  daily  requirements, 
but  now  have  accumulated  enough  stock  to 
justify  our  offering  prompt  shipment  on  orders 
as  received.  * 


Funnels,  Glass,  with  an  exact  angle  of  60^,  stem  ground  to 

gnnt  and  with  ground  rim. 

iameter,  inches 1  IH  2            2}^  3 

Length  of  stem,  inches    lA  ^H  2}4         2]/i  3^ 

Each,  net .20  .20  .22          .25  .28 

Diameter,  inches 3J^  4  5             6  7 

Length  of  stem,  inches    33^  4^^  5 b}4  6 


Each,  net 30          .32         .60  .65  .80 

Diameter,  inches 8             9  ID  12 

Length  of  stem,  inches 6 7H  ^K  ^H 

Each,  net .95        1.50  2.00  2.60 

Funnels,  Glass,  with  an  exact  angle  of  60**,  with  long,  thin  stems  ground  to  point, 
and  with  ground  rim. 

Diameter,  inches 1  IJ^         2  2}^        3 

length  of  stem,  inches 3 3 4 4 4 


Each,  net 22        .22 

Diameter,  inches 3J^        4 

Length  of  stem,  inches __4 4}4 

Each,  net 30        .35. 


.24 

4H 


.25 


.28 

4H        6 
^ 5J^ 


.50 


.55 


.60 


28552A.    Funnels,  Glass,  with  an  exact  angle  of  60**,  with  extra  long,  thin  stems  of  small  bore. 

Diameter,  inches 2  2)^        3  3^        4 

Length  of  stem,  inches 6 6 6 6 6 


Each,  net 28        .30        .35  .40 

The  Above  Fricem  are  Net  in  Any  Quantity  and  are  Subject  to  Change  Without  Notice 


.45 


ARTHUR   H.  THOMAS  COMPANY 

IMPORTERS-DEALERS— EXPORTCRS 

LABORATORY  APPARATUS  AND  REAGENTS 


WEST  WASHINGTON  SQUARE 


PHILADELPHIA,  U.  S.  A. 
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LABORATORY  APPARATUS 


SOIL  TUBES 

FOR   ALL  PURPOSES 


CS 


J  '  II  II  JW I J Will jp—yiMi^ 


No.  9251  Capillarity  Tube.     Net  $3.75 

SOIL  AUGERS 

At  prices  ranging  from  $4.50  to  $9.00 


No.  9156  Improved  Soil  Auger.     Net,  $6.50 


No.  9152  Nebraska  Soil  Auger.    Net,  $9.00 


CATALOG  X 

OF  AGRICULTURAL  APPARATUS 

contains  sections  describing  apparatus  for  Soil  Analysis,  Soil  Fertility  or 
Seed  Culture,  Tree  Husbandry,  Animal  Husbandry,  Dairy  Husbandry, 
Spraying,  Farm  Surveying,  Farm  Meteorology,  a  large  list  of  lantern  slides 
for  Agriculture,  and  a  valuable  list  of  Agricultural  Text  Books,  thoroughly 
revised  and  brought  up-to-date  by  an  expert  in  Agricultural  teaching. 

Send  for  a  Copy 


CENTRAL  SCIENTIFIC  COMPANY 

(Lake  Shore  DriTe,  Ohio  and  Ontario  Streets) 
460  East  Ohio  Street  CHICAGO,  U.  S.  A. 
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Top  dressing  with  quick-acting  nitrogen  at 

the  right  time  is  one  of  the  most  profitable 

methods  of  fertilizing 


ARCADIAN 
SULPHATE  OF 

I 

AMMONIA 


kiln  dried  and  ground,  is  especially  prepared  for  this  purpose.  //  can 
be  applied  with  a  grain  drill  at  the  rate  of  loo  pounds  per  acre  or  less. 
This  saves  labor  and  increases  efficiency. 


Successor  to  American  Goal  Products  Company 


S^LES  DEPARTMENT  AGRICULTURAL  DEPARTMENT 

17  Battery  PL,  New  York  Athens,  Ga.;    Medina,  Ohio;    New  York 
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THE  UFE  OF 

CHILEAN  NITRATE  DEPOSITS 


A.  D.  1917 


Total 

Nitrate  Deposits 

in  Chile 


720 

Million 

Tons 


Estimated  life  of 

deposits  at  present 

rate  of  World's 

consumption 


Upwards  of 

300 

Years 


For  reliable  information  write 

DR.  WM.  S.  MYERS 

DIRECTOR 

CHILEAN  NITRATE  PROPAGANDA 

25  Madison  Ave.,  New  York 
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RUTGERS  COLLEGE 
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JACOB  G.  LIPMAN,  Editor-in-Chief 

ASSISTANT  EDITOR 
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SOIL  SCIENCE 
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Roland  M.  Harper.    A  Preliminary  Soil  Census  of  Alabama  and  West  Florida 91 
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Harald  R.  Chribtensen.    Experiments  in  Methods  for  Determining  the  Reaction  of 
Soils llo 


SOIL  SCIENCE 
PRICES 

U.  S.  and 

Dependencies  CanadA  Foreicn 

Vdume  IV  (Numbers  1-6  inclusive)  i  ..  ,    ,_,_     ^        ,_,_.        _.  ^  ..  __  ..  ^ 

Volume    V  (Nu»be«  ,l-«  inclusive)  \  (''"'y  l^^-June  1918)       $4.00  $4.25  $4..y) 

Volume  III  (January— June,  1917) 3.00  3. 15  3.25 

Volume    11  (July— December,  1916) 3.00  3. 15  3.25 

Volume     I  (January— June,  1916) 3.00  3.15  3.25 


Order  today  from 

WILLIAMS  &  WILKINS  COMPANY 

BALTIMORE,  U.  S.  A. 
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Red    Cross   Farm   Powders 


For  Preparing  Tree  Holes 


The  extensive  use  of  explosives  for  preparing  root-beds  of  fruit  and  ornamental  trees  is 
an  endorsement  of  this  method  of  tree-planting.  The  prevention  of  first-year  losses,  the  op- 
portunities for  root  expansion  and  deeper  penetration,  the  storage  of  moisture  and  more 
vigorous  growth  are  advantages  directly  traced  to  blasting  soil  before  planting  trees. 

Approved  by  Leading  Orchardists 

Hale,  the  "Peach  King,"  the  Starks,  Harrison  Bros.  Co.,  Craig  of  Virginia,  and 
other  widely-known  and  successful  fruit  growers  say: 

"We  are  thoroughly  convinced  that  trees  planted  in  blasted  ground  are  insured  against 
first-year  loss,  poor  root  development,  limited  feeding  areas,  lack  of  moisture  and  slow  growth." 
If  you  have  trees  to  plant  for  profitable  or  ornamental  purposes,  our 

Free  Booklet  Tells  How 

to  safely  and  sanely  use  RED  CROSS  FARM 
POWDERS  to  blast  the  soil.  Do  not  plant 
your  trees  in  shallow,  spaded  holes.  See  how 
the  roots  in  blasted  soil  extend  over  wider  area 
and  penetrate  deeply  to  moisture-laden  strata 
to  where  plant  food  is  plentiful.  Plant  your 
trees  *'for  keeps." 

Write  for  FREE  Booklet— 'Increasing  Or- 
chard Profits." 

E.  I.  du  Pont  de  Nemours 

and  Company 
WILMINGTON,  DELAWARE 
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INFORMATION  FOR  CONTRIBUTORS 

Soil  Science  is  devoted  to  the  broader  outlook  of  the  entire  field  of  soil  fertility.  Articles  dealing 
with  the  more  important  facts,  observations,  deductions  and  problems  of  soil  biology,  soil  chemistry, 
and  soil  physics  are  published.  Papers  devoted  to  plant  physiology,  agronomy,  bacteriology,  or  geol- 
ogy are  accepted  for  publication  if  they  contribute  directly  to  the  knowledge  of  soil  fertility.  The 
study  of  the  mineral  and  organic  constituents  of  soils,  soil  gases,  soil  water  as  a  solvent  of  soil  material, 
soil  colloids,  the  transformation  of  commercial  plant  foods  in  soils,  questions  that  deal  with  the  funda- 
mental facts  of  soil  fertility  and  productivity,  are  given  consideration.  The  phenomena  concerning  soil 
micro-organisms,  such  as  bacteria^  molds,  protozoa,  and  algae,  receive  careful  attention. 

Manuscript  submitted  for  publication  and  communications  concerning  editorial  matters  should  be 
sent  to  Jacob  G.  Lipman,  New  Jersey  Experiment  Station,  New  Brunswick,  N.  J.,  U-  S.  A. 

Fifty  r^rints  of  articles  will  be  furnished  gratis  to  contributors  when  ordered  in  advance.  A 
table  giving  cost  of  additional  reprints,  with  an  order  slip,  is  sent  with  proof. 

INFORMATION  FOR  SUBSCRIBERS 

Soil  Science  is  issued  monthly.  Each  monthly  issue  consists  of  approximately  85  pages.  Two 
volumes  a  year  are  issued  at  present.  Each  volume  consists  of  approximately  500  pages.  Subscrip- 
tions are  accepted.to  begin  with  the  first  number  of  the  volume  in  process.  The  volumes  for  the  year 
begin  with  the  January  and  July  issues,  respectively.  The  subscription  price  Is  $4.00  a  year 
(two  volumes,  Volumes  IV  and  V,  complete,  July,  1917,  to  June,  1918,  inclusive)  United  States 
and  dependencies.  An  additional  charge  of  25  cents  is  made  for  each  yearly  subscription  in  Canada,  and 
50  cents  for  subscriptions  in  foreign  countries.  Volumes  I,  II,  III,  can  be  furnished  complete  at  $3.00 
a  volume.  United  States  and  dependencies;  $3.15,  Canada;  $3.25,  foreign  countries.  Prices  are  net, 
postpaid. 

Correspondence  concerning  business  matters  should  be  addressed  to  Williams  &  Wilkins 
Company,  2419-2421  Greenmount  Avenue,  Baltimore,  U.  S.  A. 
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For  Over  28  Legumes 

The  lo^cal  and  most  ecoDomical  means  of  maintaining  or  restoring 
soil  fertility  is  the  growing  of  leguminous  cover  crop. 

Any  crop  demands  proper  physical  condition  ana  chemical  reaction  of 
the  soil  b&ore  it  can  succeed.  Legumes  require  in  addition  the  pres- 
ence of  the  symbiotic  bacteria  for  their  development. 

Instead  of  an  assortment  of  cultures  as  profuse  as  the  legumes  them- 
selves, we  have  introduced  into  the  one  medium  all  of  the  strains  of  B. 
radicicola  necessary  for  inoculating  the  28  legumes  of  greatest  agricul- 
tural importance. 

The  use  of  a  finely  granular  organic  medium,  resistant  to  desiccation, 
provides  the  most  aerobic  conditions  which  insure  longevity  of  the 
organisms. 

In  addition,  Alphano  Inoculant  is  richly  impregnated  with  especially 
efficient  species  of  Azotobacter,  the  non-symbiotic  nitrogen  fixers. 

No  waiting  for  the  seed  to  dry.  The  material  adheres  to  the  seed  on 
simple  mixing,  and  is  ready  for  immediate  seeding. 

Compared  with  most  commercial  cultures,  Alphano  Inoculant  pro- 
vides the  necessary  legume  bacteria  at  half  the  cost. 

Further  information  and  samples  furnished  to  Experiment  Stations 
on  request. 

PRICES 
^^       One  Acre  Size  Ten  Acre  Sise 

(Weight  approximately  2  pounds)!^  (Weight  approximately  20  pounds) 

$1.00  $8.00 

Alphano  Humus  Company 
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A  PRELIMINARY  SOIL  CENSUS  OF  ALABAMA  AND  WEST 

FLORIDA 

ROLAND  M.  HARPER 

Received  for  ptiblication  Febniaiy  28,  19x7 

The  State  of  Alabama  is  readily  divisible  into  fifteen  or  twenty  geographical 
divisions,  differing  in  geology,  soil,  topography,  vegetation,  and  cultural 
features.  The  soils  of  each  of  these  were  described,  as  accurately  as  was  pos- 
sible at  that  time,  by  Dr.  Eugene  A.  Smith,  state  geologist,  in  the  sixth  volume 
of  the  Tenth  Census,  1884,  and  in  his  report  on  the  agricultural  features  of 
Alabama,  published  by  the  State  at  about  the  same  time.  These  reports 
include  chemical  analyses  of  soils  from  forty-nine  localities,  but  these  are  too 
few  to  be  thoroughly  representative  of  so  many  regions',  and  indeed  some  of 
the  regions  are  not  represented  at  all. 

Comparatively  little  has  been  added  to  our  knowledge  of  the  chemistry  of 
Alabama  soils  since  1884;  but  since  1902  the  United  States  Bureau  of  Soils 
has  made  more  soil  surveys  in  Alabama  than  in  any  other  state — ^no  doubt 
largely  on  accoimt  of  the  splendid  foimdation  laid  by  Dr.  Smith — and  over 
half  the  area  of  the  state,  including  the  whole  of  some  geographical  divisions 
and  parts  of  all  the  others,  has  now  been  mapped  by  that  organization. 

West  Florida,  which  is  that  part  of  Florida  west  of  the  Apalachicola  River, 
is  here  combined  with  Alabama  to  make  an  area  of  more  regular  shape  and  to 
illustrate  some  geographical  principles  better.^  Four  of  the  divisions  of  Ala- 
bama extend  into  it,  and  it  also  has  four  smaller  divisions  which  are  not  rep- 
resented in  Alabama.  Three  government  soil  surveys  cover  parts  of  it,  and 
the  soils  of  the  whole  state  were  described  by  Dr.  Smith  in  the  same  Tenth 
Census  volume  above  mentioned. 

The  present  census  is  based  on  all  the  government  soil  surveys  for  Alabama 
and  West  Florida  published  up  to  the  end  of  1916.  As  is  doubtless  well  known 
to  readers  of  this  magazine,  these  reports,  most  of  which  cover  a  single  county, 
say  little  or  nothing  about  soil  chemistry,  but  classify  soils  according  to  origin, 
color,  moisture,  texture,  etc.  Except  for  a  few  essentially  non-agricultural 
types,  such  as  rock  outcrop,  swamp,  and  coastal  beach,  each  type  of  soil  is 
given  a  generic  or  series  name,  usually  of  geographical  origin,  denoting  its 
supposed  history  and  color,  and  a  specific  or  dass  name  indicating  its  texture. 

^  Ever  since  Florida  became  a  part  of  the  United  States  there  has  been  more  or  less 
talk  of  ftTin<»Ting  West  Florida  to  Alabama;  and  the  Methodists  long  ago  included  it  in  their 
Alabama  Conference.  Sections  81  and  82  of  Bulletin  W  of  the  United  States  Weather 
Bureau  together  cover  exactly  the  same  territory  as  this  paper. 
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As  the  work  has  progressed  during  the  last  fifteen  years  or  so,  the  number  of 
series  names  has  multiplied  enormously,  until  now  the  distinctions  between 
some  of  them  are  pretty  hard  to  grasp.  This  makes  it  impracticable  to  use  the 
soil  series  for  statistical  purposes,  for  surveys  made  of  similar  or  neighboring 
areas  several  years  apart  may  differ  greatly  in  the  number  of  series  recog- 
nized. Or  different  men  working  in  similar  areas  at  the  same  time  might 
easily  interpret  the  same  type  of  soil  differently. 

Although  the  nomenclature  of  the  older  surveys  is  revised  from  time  to 
time,  and  long  lists  of  changes  can  be  found  in  some  of  the  publications  of  the 
Bureau  of  Soils,  particularly  Bulletin  96  (the  last  of  its  series),  published  about 
the  middle  of  1913,  there  seems  to  be  no  special  incentive  for  keeping  the 
revision  always  up  to  date,  and  indeed  in  many  cases  it  cannot  be  done  prop- 
erly without  re-examining  the  areas  at  considerable  expense  and  subdividing 
some  of  the  types  as  originally  mapped  into  two  or  more. 

Unlike  the  similarly  named  geological  formations,  the  soil  series  names 
have  not  come  into  general  use  ainong  scientists,  so  that  they  wduld  be  mean- 
ingless to  persons  not  familiar  with  the  publications  of  the  Bureau  of  Soils; 
but  possibly  this  will  be  changed  with  the  lapse  of  time  Soil  series  are  also 
unlike  geological  formations  in  not  having  a  fixed  position  in  a  linear  series, 
which  is  another  obstacle  to  averaging  them  up  in  statistics. 

When  texture  classes  alone  are  considered,  regardless  of  series,  most  of  the 
difi&culties  just  mentioned  are  avoided.  The  texture  classes  can  be  arranged 
pretty  well  in  a  linear  sequence,  and  their  names  (e.g.,  loamy  fine  sand,  silty 
clay  loam)  are  self-explanatory.  The  number  of  such  classes  is  not  likely 
to  increase  much,  and  although  there  will  always  be  some  uncertainties  of 
identification,  owing  to  the  complete  intergradation  betweeil  different  types, 
the  errors  will  tend  to  balance  when  several  surveys  are  taken  together. 

Each  soil  survey  of  a  county  or  similar  area  lists  the  various  soil  types  in 
order  of  area  and  gives  the  approximate  acreage  of  each,  as  well  as  indicating 
their  distribution  on  the  map,  on  a  scale  of  an  inch  to  the  mile.  A  person 
familiar  with  the  geographical  boimdaries,  therefore,  can  apportion  the  dif- 
ferent soil  types  among  the  respective  regions  and  compute  the  percentage  of 
each  with  reasonable  accuracy.  (This  has  already  been  done  in  a  general  way 
for  the  whole  United  States  and  its  larger  divisions  on  pages  9-10  of  Bulletin 
96  of  the  Bureau  of  Soils,  and  in  more  detail  for  the  state  of  Virginia  in  Bulle- 
tin 46  of  the  United  States  Department  of  Agriculture  published  a  few  months 
later.) 

In  these  two  government  publications  each  of  the  larger  divisions,  Hke  the 
Piedmont  region  and  the  coastal  plain,  is  assigned  a  different  set  of  series 
names,  so  that  one  can  pick  out  the  soils  of  each  division  pretty  well  without 
looking  at  the  maps;  but  in  this  paper  the  divisions  used  are  considerably 
smaller,  and  where  a  coimty  includes  parts  of  two  or  more  of  the  divisions 
careful  scrutiny  of  the  map  is  required.  When  the  areas  of  all  the  soils 
mapped  in  a  ^ven  region  are  determined  (it  took  about  three  days  of  steady 
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GKOGBAPHICAL  MAP 
OF 

ALABAMA  AND  WEST  FLOBIDA 
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Fig.  1.  Map  Showing  the  Regions  Described  Herein,  and  also  the  Principal  Rivers 
and  cltxes,  to  illustrate  their  relations  to  soiie  of  the 
Geographical  Boundaries 

Regions  17,  19  and  20,  whose  names  are  omitted  from  the  map  for  lack  of  space,  are  the 
Mobile  delta,  the  Kjiox  Hill  country,  and  Hohnes  Valley. 
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work  to  cover  Alabama)  they  can  be  grouped  together  by  texture  classes,  or 
by  series  if  desired,  and  the  percentages  calculated. 

The  geography  of  Alabama  and  the  northern  part  of  Florida  has  been 
described  by  the  writer  in  reports  on  forests  published  by  the  geological 
surveys  of  those  states  in  1913  and  1914,  respectively,  and  the  map  used  here- 
with shows  very  nearly  the  same  geographical  boundaries  that  were  defined  in 
those  reports.^  Some  of  these  boundaries  are  so  sharp  that  the  transition 
from  one  region  to  the  other  is  complete  in  less  than  a  mile,  but  they  have 
not  all  been  located  at  a  sufficient  number  of  points  to  be  mapped  with  per- 
fect confidence.  In  some  cases  the  boimdary,  though  sharp  enough,  is  too 
intricate  to  be  drawn  accurately  on  a  map  of  this  scale,  and  rnust  therefore 
be  generalized,  as  a  topographic  contour  would  be  under  the  same  circum- 
stances. In  other'cases  the  transition  from  one  region  to  another  is  so  gradual 
that  diflFerent  persons  might  difiFer  by  a  few  miles  in  locating  the  boundary. 
On  the  present  map  no  distinction  is  made  between  the  well-defined  and  the 
indefinite  boundaries,  but  some  information  on  these  points  may  be  gathered 
from  the  geographical  reports  just  mentioned,  and  from  some  of  the  soil 
surveys.  One  of  the  least  satisfactory  boundaries  at  the  present  time  is  that 
between  the  lime-sink  region  and  the  southern  pine  hills,  principally  because 
of  lack  of  opportunity  to  trace  out  all  its  sinuosities.  But  fortunately  this 
uncertainty  does  not  materially  aflfect  the  soil  statistics,  for  these  two  regions 
do  not  differ  as  much  in  soil  as  they  do  in  topography.  Two  divi^ons  of  the 
central  pine  belt  of  Alabama  that  were  kept  separate  in  1913  are  here  combined, 
because  their  differences  are  mainly  geological,  and  it  is  almost  impossible  to 
separate  them  by  their  soils  alone. 

Brief  sketches  of  the  geographical  divisions  now  follow,  beginning  with  the 
northernmost.  The  first  seven  belong  to  the  highlands,  or  mineral  region, 
and  the  rest  to  the  coastal  plain.  The  descriptions  are  on  the  following  plan: 
area  in  Alabama  and  general  distribution  elsewhere,  geology,  topography, 
principal  series  and  elates  of  soils  in  order  of  area,  percentage  of  evergreens 
in  the  forests,  commonest  native  trees  in  order  of  abundance,  percentage  of 
improved  land  in  1880,  and  the  expenditure  for  fertilizers  in  1909  per  acre  of 
improved  land  in  1910.  The  relative  extent  of  the  diflFerent  soil  series  is  not 
considered  very  important,  for  reasons  previously  mentioned,  but  may  be 
of  interest  to  persons  familiar  with  the  govenmient  classification,  and  to 
others  who  can  easily  remember  some  of  the  more  important  series,  such  as 
the  reddish  clayey  "Orangeburg,"  the  yellowish  sandy  "Norfolk,"  and  the 
black  mucky  "Portsmouth." 

The  statistics  of  vegetation  and  agriculture  are  given  as  a  contribution 
toward  correlating  such  features  with  soil  texture.  Those  who  have  investi- 
gated soils  from  a  chemical  standpoint  have  long  known  that  deciduous  trees 

*  A  similar  but  less  detailed  map  of  Alabama  and  some  of  the  same  agricultural  statistics 
were  used  by  the  writer  in  the  Proceedings  of  the  Society  of  American  Foresters,  vol.  11, 
p.  208-214.     1916. 
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in  general  and  certain  species  in  particular  characterize  the  richer  soils,  and 
also  that  the  more  fertile  the  soil  the  larger  proportion  of  it  is  cultivated  and 
the  less  the  expenditure  for  fertilizers.'  And  regardless  of  chemical  composi- 
tion, the  soils  of  finest  texture  are  generally  the  most  productive,  except  that 
the  clays  and  mucks  are  often  inferior  to  the  loams  and  silt  loams,  on  account 
of  imperfect  aeration.*  The  vegetation  statistics  are  taken  with  slight  modi- 
fication from  the  geographical  reports  cited.  The  statistics  of  improved  land 
are  computed  from  the  1880  census  because  that  was  mote  accurate  than  any 
earlier  one,  and  because  after  that  difiFerences  in  original  fertility  were  being 
overcome  more  and  more  by  the  use  of  fertilizers.  The  statistics  of  fertilizer 
consumption  have  been  computed  from  the  1910  census,  because  that  is  the 
latest. 

La  these  regional  sketches,  and  also  in  the  table  following  them,  some  soil 
classes  which  do  not  differ  much  are  lumped  together  for  the  sake  of  sim- 
plicity, e.g.,  rock  outcrop  and  rough  stony  land,  stony,  gravelly  and  cherty 
loam,  shale  and  slate  loam,  and  swamp,  muck,  and  meadow.^ 

THE  JIEGIONS 

1.  The  "barrens"  of  the  Tennessee  valley,  a  continuation  of  the  High- 
land Rim  of  Middle  Tennessee,  cover  about  800  square  miles  in  Alabama. 
The  geological  formation  is  mostly  Keokuk  chert,  of  Mississippian  age,  with 
strata  horizontal  or  nearly  so.  The  soils  are  mainly  grayish  or  yellowish.  The 
topography  is  comparatively  level  except  in  the  vicinity  of  streams,  which 
have  cut  valleys  proportional  to  their  size.  The  whole  area  in  Alabama  is 
covered  by  three  soil  surveys,  in  which  the  soils  are  referred  mainly  to  the 
ClarksviUe  series,  with  small  amounts  of  Decatur,  Hagerstown,  etc.  Silt 
loam,  stony  and  gravelly  loam,  and  clay  loam  cover  about  99  per  cent  of  the 
area.  Silt  loam  is  relatively  more  abimdant  here«than  in  any  other  part  of 
the  state. 

About  30  per  cent  of  the  forest  is  evergreen.  The  commonest  trees  are 
short-leaf  (loblolly)  pine,  red  oak,  sweet  gum,  short-leaf  pine,  post  oak, 
willow  oak,  and  beech.  About  25  per  cent  of  the  area  seems  to  be  cleared 
at  present,  and  the  annual  expenditure  for  fertilizers  probably  does  not  exceed 
50  cents  an  acre,  though  no  accurate  statistics  can  be  given  for  such  a  small 
area,  which  does  not  cover  the  whole  of  any  coimty. 

•  See  Harper,  R.  M.  Vegetation  and  soils.  In  Science,  n.  s.,  vol,  42,  no.  1084,  p.  SCO- 
SOS.    October  8, 1915. 

*  In  this  connection  see  Cannon,  W.  A.,  and  Free,  £.  E.  The  ecological  significance  of 
soil  aeration.    In  Science,  n.  s.,  vol.  45,  no.  1156,  p.  178-180.    February  23,  1917. 

*In  the  Bureau  of  Soils  publications  from  the  beginning  the  term  "meadow"  has  been 
employed  regardless  of  ordinary  usage  to  designate  almost  any  land  subject  to  overflow 
from  small  streams,  whether  it  bears  meadow  vegetation  or  not  (in  the  South  it  is  usually 
wooded).  But  many  soils  which  in  the  earlier  reports  were  called  simply  Swamp  or  Meadow 
are  now  assigned  to  definite  series  and  texture  classes,  so  that  the  percentage  of  swamp 
land  as  determined  from  the  soil  surveys  is  only  a  rough  approximation. 
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'2,  The  Tennessee  valley  proper  lies  on  both  sides  of  the  Tennessee  River, 
and  has  an  area  of  about  4100  square  mUes  in  Alabama,  to  which  this  parr 
ticular  type  of  country  is  chiefly  confined.  The  greater  part  of  the  area  is 
underlaid  by  horizontal  strata  of  Mississippian  (Subcarboniferous)  age,  but 
at  the  southeastern  edge  there  is  a  long  straight  narrow  valley  of  folded  and 
faulted  Ordovidan  and  Silurian  rocks,  very  similar  to  the  Coosa  valley  de- 
scribed farther  on.  Much  of  the  rock  is  limestone,  and  the  soils  are  prevail- 
ingly reddish.  The  central  part  of  the  area  is  comparatively  level,  but  near 
its  edges  are  many  ridges  and  rocky  slopes.  The  greater  part  is  now  covered 
by  sou  surve)^.  The  leading  soil  series  are  the  Clarksville,  Decatur,  Hun- 
tington and  Hagerstown,  and  the  texture  classes  sUt  loam,  stony  and  gravelly 
loam,  clay  loam,  loam,  rock,  silty  day  loam,  and  fine  sandy  loam.  Evidently 
there  is  not  much  (^ontrast  in  soil  texture  between  this  region  and  the  preced- 
ing, but  the  vegetation  and  agriculture  seem  to  indicate  considerable 
chemical  difference. 

About  16  per  cent  of  the  original  forest  was  evergreen.  The  commonest 
trees  at  present  seem  to  be  cedar,  sweet  gum,  loblolly  pine,  red  oak,  scaly- 
bark  hickory,  sycamore,  willow  and  beech.  About  30  per  cent  of  the  area 
was  "improved"  in  1880,  and  the  average  expenditure  for  fertilizer  in  1909-10 
was  about  25  cents  an  .acre. 

3.  The  plateau  region,  a  continuation  of  the  Cumberland  plateau  of 
Tennessee  and  Kentucky,  covers  about  3100  square  miles  in  Alabama,  where 
most  of  it  goes  by  the  name  of  Sand  Moimtain.  Erosion  has  isolated  several 
mesa-like  outliers,  of  which  Lookout  Mountain  is  the  largest.  The  rocks  are 
nearly  all  sandstone  of  the  lowest  Coal  Measures,  and  the  strata  are  essentially 
horizontal.  The  surface  is  comparatively  level  for  a  mountain  region,  but 
stands  several  hundred  feet  higher  than  the  valleys  on  either  side,  making  it 
somewhat  difficult  of  access.  Most  of  the  area  has  been  covered  by  soil 
surveys,  and  about  98  per  cent  of  the  soils,  not  coimting  rock  outcrop,  are 
referred  to  the  DeKalb  series  (named  for  DeKalb  Coimty,  Alabama).  The 
prevailing  soil  classes,  are  fine  sandy  loam,  sandy  loam,  rock,  stony  loam, 
loam,  and  silt  loam.  There  is  more  fine  sandy  loam  here  than  in  any  other 
of  the  highland  regions. 

About  45  per  cent  of  the  forest  is  evergreen.  The  conmionest  trees  are  lob- 
lolly pine,  short-leaf  pine,  post  oak,  red  maple,  poplar,  sweet  gimi,  diff  pine, 
white  oak,  chestnut  oak  and  dogwood.  Only  about  8  per  cent  of  the  land  was 
cultivated  in  1880,  and  in  1909-1910  the  farmers  spent  about  a  dollar  an 
acre  for  fertiUzers;  all  of  which  indicates  soils  below  tiie  average  in  fertiUty. 

4.  The  coal  basin  region  covers  about  3300  square  miles,  and  does  not 
extend  into  any  of  the  neighboring  states.  The  rocks  are  a  little  younger 
than  those  of  the  plateau,  more  shaly,  and  more  folded  and  faulted  in  some 
places.  The  topography  is  more  dissected,  mainly  on  accoimt  of  the  rocks 
being  softer.    The  prevailing  soil  series  are  DeKalb  and  Hanceville,  and  the 
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texture  classes  silt  loam,  shale  loam,  fine  sandy  loam,  very  fine  sandy  loam 
and  stony  loam.  Shale  loam  is  more  abmidant  here  than  in  any  other  part 
of  the  state. 

About  40  per  cent  of  the  trees  are  evergreen.  The  commonest  species  are 
loblolly  pine,  cliflf  pine,  short-leaf  pine,  beech,  long-leaf  pine,  red  oak,  white 
oak,  sweet  gum,  red  maple,  post  oak,  poplar  and  dogwood.  Only  about  10 
per  cent  of  the  area  was  cultivated  in  1880,  and  even  now  coal  mining  employs 
about  as  many  people  as  fanning.  The  expenditure  for  fertilizers  in  1909- 
1910  was  about  75  cents  an  acre. 

5.  The  Coosa  valley,  the  southwestern  extremity  of  the  great  Appalachian 
valley,  which  is  over  1000  miles  long,  includes  about  4000  square  miles  in 
Alabama,  more  or  less  interrupted  by  outliers  of  the  neighboring  moimtain 
regions.  The  rocks  are  all  Paleozoic,  mostly  older  than  Carboniferous,  and 
nearly  everywhere  folded  and  faulted,  making  many  narrow  longitudinal 
ridges  and  minor  valleys.  Both  limestone  and  sandstone  are  common.  The 
principal  soil  series  as  mapped  are  Clarksville,  Decatur,  Himtington,  Fort 
Payne,*  and  Hagerstown,  and  there  are  at  least  a  dozen  others.  Gravelly, 
stony  and  shale  loams  make  up  nearly  half  the  total,  and  next  in  importance 
are  loam,  silt  loam,  clay  loam,  clay,  and  fine  sandy  loam.  This  region  leads  all 
the  rest  in  stony  loam  and  loam,  and  all  the  other  highland  regions  in  clay. 

Evergreens  make  up  about  45  per  cent  of  the  forest.  The  commonest  trees 
seem  to  be  loblolly,  long-leaf,  and  short-leaf  pines,  sweet  gum,  post  oak, 
red  oak,  black-jack  oak,  poplar,  red  maple,  white  oak,  water  oak  and  willow 
oak.  About  20  per  cent  of  the  land  was  improved  in  1880,  and  64  cents  an 
acre  was  spent  for  fertilizers  in  1909-1910. 

6.  The  Blue  Ridge  is  represented  in  Alabama  by  a  narrow  strip  trending 
northeast-southwest,  and  a  few  outlying  ridges  and  peaks,  probably  not  over 
400  square  miles  in  all.  The  rocks  are  pretty  old  and  highly  metamorphosed, 
and  mostly  siUceous.  The  topography  is  typically  mountainous,  and  we 
find  here  the  highest  mountain  in  the  state,  Cheaha,  2400  feet  above  sea-level. 
Most  of  the  area  is  covered  by  soil  surve}^,  and  the  soils  are  referred  chiefly 
to  the  Talladega^  and  DeKalb  series.  The  leading  texture  classes  are  slate 
loam,  rough  stony  land,  gravelly  and  stony  loam,  and  silt  loam.  The  first 
two  are  relatively  more  abimdant  here  than  in  any  other  part  of  the  state. 

About  half  the  trees  are  evergreen,  and  the  commonest  ones  are  long-leaf 
pine,  short-leaf  pine,  black-jack  oak,  black  oak,  loblolly  pine  and  chestnut 
oak.  The  area  is  too  narrow  for  census  statistics,  but  there  is  very  little  agri- 
culture, on  account  of  the  rough  topography. 

^  Named  for  Fort  Payne,  Alabama,  which  is  in  this  region;  but  most  of  the  original  Fort 
Payne  soils  in  Alabama  are  now  referred  to  the  Clarksville  series. 

^This  is  one  of  the  few  cases  where  the  soil  series  name  corresponds  with  the  geological 
formation  name. 
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7.  The  Piedmont  region  covers  about  5000  square  miles  in  Alabama,  and 
extends  northeastward  to  Pennsylvania.  Its  rocks  are  metamorphic  or 
crystalline,  and  largely  granitic.    The  topography  is  everywhere  hilly,  and 

'  there  is  running  water  on  practically  every  square  mile.  About  half  the  soils 
are  referred  to  the  Cedl  series,  and  next  in  importance  are  the  Louisa,  Con- 
^ree  and  Talladega.  The  leading  types  are  sandy  loam,  stony  loam,  slate 
loam,  clay  loam,  loam,  stony  and  gravelly  sandy  loam,  and  fine  sandy  loam. 
Some  shade  of  red  is  the  prevailing  color,  and  minute  flakes  of  mica  are  very 
<:haracteristic.  There  is  more  sandy  loam  and  more  swamp  than  in  any  of 
the  regions  previously  described. 

About  45  per  cent  of  the  present  forest  is  evergreen.  The  commonest  trees 
seem  to  be  long-leaf,  loblolly  and  short  leaf  pines,  sweet  gimi,  black-jack  oak, 
poplar,  red  oak,  post  oak,  red  maple,  bay  and  dogwood.  About  24  per  cent 
•of  the  acreage  was  cultivated  in  1880,  and  thirty  years  later  the  farmers  were 
^spending  95  cents  an  acre  aimually  for  fertiUzers. 

8.  The  irmermost  division  of  the  coastal  plain  in  Alabama  is  the  short-leaf 
pine  belt.  Including  the  Eutaw  belt  (which  was  separated  before)  it  covers 
about  6600  square  miles  in  Alabama,  and  extends  northwestward  across 
Mississippi  into  Termessee.  It  is  underlaid  by  clayey  non-calcareous  Cre- 
taceous strata  of  the  Tuscaloosa  and  Eutaw  formations,  and  is  moderately 
hilly  and  well  watered.  At  least  16  different  soil  surveys  touch  this  region, 
«nd  about  twenty  soil  series  have  been  distinguished,  of  which  the  principal 
ones  are  the  Orangeburg,  Guin,  Norfolk  and  Ruston.  The  leading  texture 
classes  are  fine  sandy  loam,  sandy  loam,  gravelly  sandy  loam,  loam  and 
gravelly  loam. 

About  half  the  trees  are  evergreen.  The  commonest  are  'obloUy,  short- 
leaf,  and  long-leaf  pines,  sweet  gum,  bay,  water  oak,  poplar,  beech,  willow, 
post  oak,  white  oak,  red  maple,  dogwood,  willow  oak  and  cypress.  The  oils 
seem  to  be  a  Uttle  below  the  average  in  fertiUty,  for  only  16  per  cent  of  the 
area  was  "improved"  in  1880,  and  the  expenditure  for  fertilizers  in  1909-1910 
averaged  75  cents  an  acre. 

9.  The  central  long-leaf  pine  hills,  about  850  square  miles  in  extent,  are 
surroimded  by  the  short-leaf  pine  belt,  and  might  be  treated  as  a  high  and  dry 
extreme  of  it.  The  imderlying  strata  are  of  the  Tuscaloosa  formation,  and 
composed  of  clay,  sand  and  pebbles  in  varying  proportions.  It  is  a  high  and 
rather  hilly  region,  almost  mountainous  in  places,  with  many  creeks  and 
branches.  It  has  been  completely  covered  by  soil  surveys,  but  one  of  those 
is  so  old  that  it  does  not  give  much  detail.  The  soil  series  recognized  are  the 
Orangeburg,  Susquehaima,  Norfolk,  Guin,  JRuston,  and  one  or  two  others, 
and  the  leading  types  are  sandy  loam,  gravelly  sandy  loam,  gravelly  loam, 
loamy  sand  and  fine  sandy  loam.    The  first  four  are  more  prevalent  here 

•  than  in  any  other  part  of  the  coastal  plain  in  Alabama. 

Evergreens  make  up  about  60  per  cent  of  the  forest.    The  conmionest  trees 
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are  long-leaf  pine,  loblolly  pine,  black-jack  oak  (two  kinds),  short-leaf  pine, 
turkey  or  upland  willow  oak,  bay,  red  oak,  red  maple,  poplar,  and  dogwood. 
The  region  does  not  cover  as  much  as  half  of  any  one  county,  so  that  no  agri- 
cultural statistics  are  available,  but  probably  not  over  15  per  cent  of  it  is 
under  cultivation  even  yet,  on  accoimt  of  the  rough  topography  and  rather 
poor  soil. 

10.  The  black  belt  or  central  prairie  region,  covering  about  4300  square 
miles  in  Alabama,  is  one  of  the  most  distinct  and  sharply  defined  divisions  of 
the  coastal  plain.  It  has  no  counterpart  farther  east,  but  extends  northwest- 
ward across  Mississippi,  and  reappears  in  Texas.  It  coincides  almost  exactly 
with  the  area  of  the  Selma  Chalk  or  Rotten  Limestone,'  one  of  the  Cretaceous 
formations.  Most  of  the  soil  is  some  shade  of  gray.  The  topography  is 
undulating,  not  very  hilly,  and  water  is  rather  scarce,  as  in  many  other  fertile 
and  calcareous  regions.  The  simmiers  are  drier  here  than  in  any  other  part 
of  the  coastal  plain  of  Alabama,  a  fact  which  may  have  some  bearing  on  the 
soil  conditions.^ 

The  soils  have  been  referred  to  about  twenty  series,  of  which  the  most  ex- 
t^isive  are  the  Houston,'  Norfolk,  Orangeburg,  Susquehanna,  Oktibbeha, 
Waverly,  Yazoo,  Ocklocknee,  and  Trinity.  Over  half  the  soil  is  classed  as 
day,  and  over  one-fifth  as  fine  sandy  loam.  The  only  other  type  making 
over  3  per  cent  of  the  total  is  loam. 

A  part  of  this  region,  possibly  10  per  cent,  was  treeless  when  first  discovered. 
About  30  per  cent  of  the  trees  in  the  remaining  forests  are  evergreen,  but  this 
figure  decreases  northwestward,  with  the  drier  simimers.  The  commonest 
q)ecies  seem  to  be  loblolly  pine,  sweet  gum,  post  oak,  short-leaf  pine, 
long-leaf  pine,  red  oak,  hackberry,  willow  oak,  cedar,  cottonwood,  willow, 
elm  and  sycamore.  About  45  per  cent  was  cultivated  in  1880,  and  only  35 
cents  an  acre  was  spent  for  fertilizers  in  1909-1910,  indicating  soils  above  the 
average  in  fertility,  for  the  coastal  plain  especially. 

11.  The  Chunnennuggee  Ridge,  or  blue  marl  region,  is  chiefly  confined  to 
Alabama,  where  it  covers  about  2300  square  miles.  It  is  underlaid  by  marly 
strata  of  the  Ripley  formation  (Upper  Cretaceous),  and  has  a  moderately 
hilly  topography,  with  more  streams  than  the  black  belt.  The  soil  series 
are  Norfolk,  Susquehanna,  Orangeburg,  Ruston,  Kalmia,  and  nine  or  ten 
others,  and  the  principal  texture  classes  are  sandy  loam,  fine  sandy  loam, 
sand,  clay,  fine  sand,  meadow,  etc. 

•  See  Geol.  Surv.  Ala.,  Monog.  8,  p.  19,  24  (footnotes).    1913. 

•This  series  name  was  first  used  in  the  reports  on  Perry  County,  Alabama,  and  the 
"Brazoria  area,"  Texas,  about  14  years  ago,  and  is  apparently  derived  from  Houston, 
Texas,  which  is  in  a  region  quite  different  geologically  and  topographically  from  the  black 
belt  of  Alabama  and  Mississippi  (which  however  does  have  a  counterpart  in  the  interior  of 
Texas).  If  it  should  ever  seem  desirable  to  separate  the  soils  of  the  undulating  Cretaceous 
black  belt  from  those  of  the  level  Neocen^  coast  prairie  an  appropriate  name  would  be 
Noxubee,  which  is  the  name  of  a  large  creek  in  the  black  belt  in  Alabama  and  Mississippi 
and  of  a  coimty  in  Mississippi. 
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About  45  per  cent  of  the  trees  are  evergreen,  and  the  commonest  species  are 
loblolly,  long-leaf  and  short-leaf  pines,  sweet  gum,  spruce  pine,  bay,  post 
oak,  red  oak,  water  oak,  poplar,  and  willow.  This  too  is  a  more  fertile 
region  than  the  average  of  the  coastal  plain,  and  about  40  per  cent  of  the 
area  was  classed  as  improved  land  in  1880.  The  expenditure  for  fertilizers  in 
1909-1910  was  79  cents  an  acre. 

12.  The  post-oak  fatwoods  is  a  peculiar  region  almost  confined  to  Alabama 
and  Mississippi,  and  covering  about  335  square  miles  in  Alabama.  It  is 
underlaid  by  one  of  the  oldest  of  the  Eocene  formations,  a  grayish  non- 
calcareous  clay  at  the  surface,  passing  downward,  in  some  places  at  least,  mto 
a  sort  of  black  shale.  The  topography  is  comparatively  level,  as  the  name 
implies,  and  streams  are  scarce.  Only  one  of  the  Alabama  soil  surveys  touches 
this  region,  and  that  (Simiter  Co.)  was  published  about  12  years  ago.  But  the 
adjoining  county  of  Noxubee  in  Mississippi,  surveyed  six  years  later,  has  been 
combined  with  it  here  to  make  the  statistics  more  accurate.  The  prevailing 
soil  series  are  the  Lufkin,^®  Norfolk,  Pheba,^^  Orangebiurg,  and  Waverly,  and 
the  texture  classes  fine  sandy  loam,  day,  clay  loam,  loam,  sandy  loam  and 
silt  loam.  There  seems  to  be  proportionately  more  day  loam  and  loam 
here  than  in  any  other  division  of  the  coastal  plain. 

About  45  per  cent  of  the  trees  are  evergreen.  The  commonest  are  loblolly 
and  short-leaf  pine,  post  oak,  sweet  giun,  red  oak,  water  oak,  willow  oak  and 
beech.  The  region  is  too  narrow  to  apply  census  statistics  to,  but  it  is  not 
cultivated  much,  on  account  of  the  "cold"  stiff  clayey  soil  and  the  scarcity 
of  good  water. 

13.  The  southern  red  hills  is  one  of  the  largest  divisions  of  the  coastal 
plain,  extending  from  South  Carolina  to  Mississippi  and  reappearing  farther 
west.  It  covers  about  8000  square  miles  in  Alabama.  The  underlying 
rocks  are  Eocene,  but  most  of  the  surface  material  is  a  reddish  sandy  clay 
which  may  be  of  much  later  age.  The  topography  varies  from  nearly  level 
to  hilly  and  even  moimtainous.  (The  "moimtains"  extend  from  Monroe 
County  northwestward  into  Mississippi,  and  are  high  enough  to  be  pierced 
by  a  railroad  tuimel  in  each  state,  apparently  the  only  tuimels  in  the  whole 
coastal  plain.)  Streams  are  common,  most  of  them  bordered  by  swamps. 
About  fifteen  soil  series  have  been  recognized,  of  which  the  prindpal  ones 
are  the  Orangeburg,  Norfolk,  Susquehanna,  Greenville,"  Kalmia,  and  Ruston. 
By  texture  the  soils  are  classed  as  fine  sandy  loam,  sand,  sandy  loam,  fine  sand, 
swamp,  clay,  etc. 

Evergreens  are  estimated  to  make  58  per  cent  of  the  forest.  The  com- 
monest trees  are  long-leaf,  loblolly  and  short-leaf  pines,  sweet  gima,  spruce 
pine,  red  oak,  water  oak,  bay,  magnolia  and  poplar.    About  17  per  cent  of  the 

^®  Named  for  Lufkin,  Texas. 

^  Named  for  Pheba,  Mississippi,  which  is  in  this  same  flatwoods  belt 

^  Named  for  Greenville,  Alabama,  which  is  in  this  region. 
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area  was  cleared  in  1880,  and  thirty  years  later  the  farmers  were  spending 
$1.20  per  acre  annually  for  fertilizers. 

14.  The  belt  known  as  the  lime  hills  extends  from  Wayne  Coimty,  Missis- 
sippi, to  Conecuh  Coimty,  Alabanm,  and  reappears  in  West  Florida  as  the 
Marianna  red  lands.  It  covers  about  1300  square  miles  in  Alabama  and 
450  in  Florida.  The  underl3dng  rock  is  chiefly  Umestone  of  Upper  Eocene 
age,  but  the  surface  is  largely  red  loam.  The  topography  is  moderately 
hilly,  with  a  few  caves  and  natural  bridges,  but  with  plenty  of  streams  and 
few  or  no  ponds.  The  soil  series  are.  Orangeburg,  Norfolk,  Greenville, 
Ruston,  Susquehanna,  Ocklocknee,  and  seven  or  eight  others,  and  the  tex- 
ture classes  fine  sandy  loam,  sandy  loam,  swamp,  sand,  coarse  sandy  loam, 
stony  clay,  etc.  The  last  is  more  prevalent  here  than  elsewhere  in  the  coastal 
plain,  and  the  same  may  be  said  of  rock  outcrop. 

The  proportion  of  evergreens  has  been  estimated  at  44  per  cent  in  Alabama 
and  49  per  cent  in  Florida.  The  conunonest  trees  seem  to  be  loblolly,  long- 
leaf,  short-leaf  and  spruce  pines,  sweet  gimi,  red  oak,  beech,  magnolia,  'bay, 
dogwood,  cedar,  water  oak,  black-jack  oak,  white  oak  and  cypress.  No 
agricultural  statistics  are  available,  on  account  of  the  narrowness  of  the  area, 
but  agricidture  has  long  been  the  leading  industry. 

15.  The  lime-sink  region  extends  from  Covington  Coimty,  Alabama,  and 
Walton  Coimty,  Florida,  northeastward  about  to  the  Savannah  River,  and 
covers  about  1300  square  miles  in  Alabama  and  1600  in  Florida.  The  under- 
l3nng  formation  is  limestone  of  the  Vicksburg  formation,  more  or  less  silicified 
and  nearly  everywhere  covered  with  later  clays  and  sands.  The  topography 
is  comparatively  level,  and  diversified  by  tSsmy  shallow  ponds  and  a  few 
lime-sinks.  Streams  are  not  abundant,  much  of  the  drainage  being  sub- 
terranean. There  are  only  two  soil  surveys  for  this  region  as  yet  (Coving- 
ton County,  Alabarfa,  and  the  "Marianna  area,"  Florida),  and  both  of 
those  include  parts  of  two  or  more  other  regions,  so  that  we  are  not  in  a  posi- 
tion to  give  very  acciurate  statistics  of  the  soils.  Over  half  are  referred  to 
the  Norfolk  series,  and  the  rest  are  Tifton,  M3^tt,  Kalmia,  etc.  Fine  sandy 
loam,  sandy  loam,  swamp,  sand  and  fine  sand  make  up  about  99  per  cent  of 
the  total. 

About  70  per  cent  of  the  trees  are  evergreen.  The  conmionest  trees  are 
long-leaf  pine  (about  45  per  cent),  pond  cypress,  slash  pine,  loblolly  pine, 
forked-leaf  black-jack  oak,  black  gimi,  turkey  oak,  bay,  red  oak,  sweet  gum  and 
magnolia.  Very  little  of  the  land,  possibly  3  per  cent,  was  classed  as  "im- 
proved" in  1880,  but  by  1910  about  26  per  cent  was  cultivated,  with  the  aid 
of  about  $1.40  worth  of  fertilizers  per  acre  per  year. 

16.  What  may  be  called  the  southern  pine  hills  extends  from  near  the 
Savannah  River  in  Georgia  with  some  interruptions  to  Louisiana,  and  covers 
about  5000  square  miles  in  Alabama  and  3800  in  West  Florida.    Within  a 
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few  hundred  feet  of  the  surface  there  are  only  unconsolidated  non-calcareous 
sandy  and  clayey  strata  very  similar  to  those  of  the  central  pine  hills,  but  of 
much  later  age,  probably  not  older  than  Miocene.  The  topography  is  hilly 
or  undulating  to  flat,  with  running  water  on  nearly  every  square  mile,  and 
many  shallow  ponds  besides.  Very  few  of  the  ponds  are  deep  enough  to  hold 
water  throughout  the  year. 

The  soils  have  been  referred  to  about  twenty  series,  of  which  the  Norfolk 
covers  over  half  the  area.  Next  in  importance  are  the  Ruston,  Orangeburg, 
Elalmia,  Tifton,  and  Myatt.  The  principal  texture  classes  are  fine  sandy 
loam,  sand,  sandy  loam,  fine  sand,  loamy  sand  and  swamp. 

The  proportion  of  evergreens  has  been  estimated  at  74  per  cent  in  Alabama 
and  76  per  cent  in  Florida.  There  is  more  long-leaf  pine  than  all  other  trees 
combined,  and  where  undisturbed  by  lumbermen  it  forms  beautiful  open 
park-like  forests,  with  very  little  imderbrush.  Other  common  trees,  growing 
mainly  in  swamps  and  ponds  or  on  sandy  ridges,  are  slash  pine,  forked-leaf 
black-jack  oak,  loblolly  pine,  bay,  pond  cypress,  turkey  oak,  and  black  gum. 

The  development  of  agriculture  in  this  region  has  been  rapid  in  recent 
decades.  The  improved  land  jumped  from  about  1  per  cent  in  1880  to  8  per 
cent  in  1910.  This  increase  would  have  been  impossible  without  the  aid  of 
fertilizing  materials  from  the  mines  of  Florida,  Germany,  Chile,  etc.,  the  ex- 
penditure for  which  increased  from  95  cents  an  acre  in  1879-1880  to  $2.09  in 
Alabama  and  $2.33  in  Florida  in  1909-1910." 

17.  The  Mobile  delta  comprises  the  swamps  of  the  Mobile  and  Tensaw 
Rivers  (continuations  of  the  Tombigbee  and  Alabama)  within  the  influence 
of  tide-water,  an  area  of  about  300  square  miles.  This  delta  is  long  and 
narrow,  and  occupies  what  appears  to  be  a  "drowned  valley"  in  the  pine 
hills.  Its  lower  extremity  at  present  is  just  about  opposite  the  city  of  Mobile, 
and  is  slowly  moving  seaward,  but  will  hardly  reach  the  mouth  of  MobDe 
Bay  for  several  thousand  years.  The  whole  area  is  inundated  almost  every 
spring  by  muddy  waters  carrying  the  cream  of  the  soil  from  an  area  of  about 
40,000  square  miles  in  Georgia,  Alabama  and  Mississippi,  some  of  which  is 
very  fertile.  The  Apalachicola  River  has  a  similar  but  smaller  delta,  shown 
on  the  soil  map  of  Franklin  Coimty,  norida,  but  it  is  mainly  on  the  east  side 
of  the  river,  in  Middle  Florida,  and  has  not  been  counted  in  the  following 
statistics.  The  Mobile  delta  is  nearly  covered  by  the  soil  surveys  of  Baldwin, 
Mobile,  and  Clarke  Counties,  Alabama,  in  which  nearly  half  its  area  is  classed 
as  Swamp,  and  the  rest  chiefly  as  "Ocklocknee"  clay"  and  "Ocklocknee  silt 
loam." 

**  For  a  discussion  of  the  influence  of  imported  fertilizers  on  agriculture  in  the  pine  lands 
see  Jour.  Geogr.,  vol.  15,  p.  42^48.  October  1916;  and  Geogr.  Rev.,  vol.  2,  p.  366-367. 
November,  1916. 

"This  series  name,  derived  from  the  Ocklocknee  River  of  Florida,  which  rises  among 
the  pine  hills  of  South  Georgia  (where  it  is  spelled  Ochlocknee)  and  is  seldom  muddy,  does  not 
seem  very  appropriate  for  the  alluvium  of  large  rivers  that  are  always  muddy. 
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About  13  per  cent  of  the  trees  are  evergreen.  The  explanation  of  the  oc- 
currence of  any  evergreens  at  all  in  such  fertile  soil  is  probably  that  lack  of 
aeration  limits  the  availability  of  the  potassium  compoimds,  and  thus  com- 
pels some  of  the  trees  to  economize  by  keeping  their  leaves  more  than  one 
season.  The  commonest  trees  seem  to  be  black  gum,  cypress,  bay  (this  is 
the  commonest  evergreen,  chiefly  toward  the  lower  end  of  the  delta,  where  the 
seasonal  fluctuation  of  the  water  is  at  a  minimum  and  therefore  the  aeration 
of  the  soil  least),  willow,  sweet  gum,  red  maple,  and  cottonwood.  There  is 
no  agriculture  except  perhaps  at  the  extreme  edges  of  the  swamps. 

18.  The  Gulf  coast  strip  is  a  narrow  belt  of  islands,  dunes  and  marshes 
along  the  coast  from  Middle  Florida  to  Mississippi.  About  65  per  cent  of 
its  area  is  classed  in  the  soil  surve}^^  as  coastal  beach,  sand-hill,  etc.,  and  27 
per  cent  as  tidal  marsh.  About  80  per  cent  of  the  trees  are  evergreen.  The 
conunonest  are  spruce  pine  (a  different  species  from  the  one  in  the  interior 
of  the  coastal  plain),  long-leaf-pine,  slash  pine,  live  oak  (two  species),  forked- 
leaf  black-jack  oak,  turkey  oak  and  cedar.    There  is  practically  no  agriculture. 

19.  The  Knox  Hill  coimtry  is  an  area  of  about  50  square  miles  lying  be- 
tween the  Ume-sink  region  and  the  pine  hills  in  Walton  Coimty,  Florida. 
Its  geology  is  not  well  known,  but  the  underlying  formations  are  beUeved 
to  be  at  least  in  part  Miocene.  It  is  a  region  of  reddish  clayey  hills  and 
running  water,  strongly  resembling  some  parts  of  the  central  short-leaf  pine 
belt  of  Alabama.  In  some  places  the  soil  is  so  clayey  that  the  roads  have 
to  be  surfaced  with  sand  or  poles,  which  is  very  unusual  in  Florida.  There 
is  no  soil  survey  for  this  region  yet,  but  much  of  the  soil  would  probably  be 
called  "Orangeburg  fine  sandy  loam"  or  something  of  the  sort. 

A  majority  of  the  trees  are  evergreen,  and  the  commonest  species  are  lob- 
lolly pine,  short-leaf  pine,  red  oak,  long-leaf  pine,  dogwood,  magnolia,  sweet  gum, 
holly,  spruce  pine,  beech,  white  oak,  bay,  black-jack  oak  and  black  gum.  Agri- 
culture has  been  an  important  industry  here  for  nearly  a  century.  At  pres- 
ent probably  not  more  than  25  per  cent  of  the  area  is  under  cultivation,  but 
the  cultivated  acreage  is  said  to  have  been  larger  before  the  Civil  War,  when 
commercial  fertilizers  were  unknown,  and  farming  in  Florida  was  confined  to 
the  few  areas  of  naturally  fertile  soil.^' 

20.  Holmes  Valley  is  an  area  of  25  or  30  square  m'les  lying  between  the 
lime-sink  region  and  that  next  to  be  described,  in  Washington  County, 
Florida.  It  resembles  the  Knox  Hill  country  in  being  a  red  hill  region  sur- 
rounded by  sandy  pine  lands,  but  differs  in  having  less  runmng  water  and 
coaner  and  less  clayey  soils.  The  soil  is  evidently  quite  fertile,  however,  for 
most  of  it  is  or  has  been  cultivated;  and  in  the  sixth  volume  of  the  Tenth 
Census  (page  225)  Dr.  Smith  dtes  a  case  where  a  tract  of  land  in  this  region 
was  producing  nearly  a  bale  of  cotton  to  the  acre  in  1880  after  being  culti- 

"  See  Geogr.  Rev.,  vol.  2,  p.  363.    November  1916. 
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vated  for  thirty-five  years,  without  fertilizers.  From  the  abundance  of 
sweet  gum,  which  is  common  in  some  known  phosphatic  soils,  it  is  reasonable 
to  suppose  that  the  soil  of  this  region  is  well  supplied  with  phosphorus,  though 
neither  physical  nor  chemical  analyses  are  available  yet. 

Evergreens  are  less  abimdanthere  than  in  the  preceding  region,  and  perhaps 
not  in  the  majority.  The  commonest  trees  seem  to  be  loblolly  pine,  sweet 
gmn,  long-leaf  pine,  black  gmn,  dogwood,  bay,  beech,  water  oak,  white  oak, 
magnolia,  red  oak,  post  oak  and  hickory. 

21.  The  West  Florida  lake  region  has  an  area  of  perhaps  350  square  miles. 
Nothing  definite  is  knOwn  about  its  geology,  the  surface  being  almost  com- 
pletely covered  with  sand.  The  surface  is  comparatively  level  except  for 
being  pitted  with  numerous  approximately  circular  depressions  from  several 
to  a  few  hundred  acres  in  extent,  most  of  them  containing  lakes  whidi  never 
dry  up. 

A  part  of  the  region  is  included  in  the  soil  survey  of  the  "Marianna  area," 
and  the  prevailing  soil  is  classed  as  "Norfolk  sand."  About  75  per  cent  of 
the  trees  are  evergreen,  and  long-leaf  pine  and  forked-leaf  black-jack  oak 
constitute  the  bulk  of  the  forest.  No  census  statistics  are  available,  but  there 
is  very  little  agriculture  yet,  on  account  of  the  very  sandy  soil. 

22.  The  Apalachicola  flatwoods  region  extends  from  Bay  Coimty  to  Wakulla 
County,  Florida,  just  back  of  the  coast  strip,  and  about  1200  square  miles 
of  it  lies  in  West  Florida.  No  geological  formations  older  than  Pleistocene 
are  known  here,  and  the  soil  is  nearly  all  sand,  where  it  is  not  covered  by 
peat,  muck  or  something  else.  The  surface  is  nearly  ever3h¥here  flat  and 
damp.  The  soil  survey  of  Franklin  Coimty,  Florida  (published  last  fall), 
covers  part  of  this  region,  and  although  that  county  is  mostly  in  Middle  Florida, 
there  is  no  reason  to  suppose  that  its  soUs  are  not  equally  typical  of  the  West 
Florida  portion. 

The  principal  soil  series  are  Hyde,  Plummer,  Norfolk,  Portsmouth,  and 
Leon,  and  the  texture  classes  fine  sand,  swamp,  loamy  fine  sand,  etc.  There 
is  more  fine  sand  here  than  in  any  region  previously  described.  About  75 
per  cent  of  the  trees  are  evergreen,  but  this  figure  would  be  higher  if  the 
Apalachicola  River  swamps  were  excluded.  The  conmionest  trees  are  long- 
leaf  pine,  pond  cypress,  slash  pine,  black  pine,  bay,  black  gmn,  sweet  gum 
and  red  maple.  Less  than  3  per  c^t  of  the  area  is  under  cultivation.  The 
expenditure  for  fertilizers  in  Franklin  Coimty  in  1909-1910  was  about  a  dol- 
lar an  acre,  but  it  would  be  much  greater  if  anything  more  than  a  few  of  the 
richest  spots  were  cultivated. 

STATISTICS 

The  following  tables  show  the  percentage  of  each  type  of  soil  in  each  of 
the  regions  above  described,  except  some  of  the  smallest  ones,  for  which  no 
statistics  are  available.    One  table  is  for  the  highlands  and  one  for  the  coastal 
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plain,  and  the  averages  are  given  for  eaich  of  these  major  divisions  as  a  whole. 
In  each  table  the  highest  figure  in  each  row  is  printed  in  heavier  type,  to  show 
what  classes  of  soil  are  more  abimdant  in  a  given  region  than  in  any  other. 
The  percentages  are  given  only  to  the  nearest  integer,  to  save  space  and  also 
to  avoid  making  them  appear  more  accurate  than  the  facts  warrant.  Per- 
centages below  0.5  are  therefore  represented  by  0.  The  soil  classes  are  ar- 
ranged approximately  in  order  of  texture,  the  coarsest  first. 

At  the  bottom  of  each  table  the  statistics  of  evergreens,  improved  land, 
and  fertilizers  already  given  are  brought  together,  and  also  summarized  for 
the  two  major  divisions. 

TABLE  I 
Soils  of  highlands  in  Alabama 


SOXLOiAnsS 


Rock  outcrop,  etc 

Fine  sand 

Stony,  gravelly  or  chert  loam 

Shale  or  slate  loam., 

Stony  or  graveUy  sandy  loam 

Stony  silt  loam 

Coarse  sandy  loam 

Sandy  loam 

Fine  sandy  loam 

Very  fine  sandy  loam 

Loam 

Silt  loam 

Silty  clay  loaoCi 

Clay  loam 

Stony  clay 

Clay 

Swa^p  or  meadow 

Percentage  of  evergreens 

PercentAge  of  improved  land,  1880 

Expenditure  for  ferjtalizers  per  acre,  1909- 
10  (dollars) 


36 


44 

1 
18 


30 
? 


9 
0 

18 


0 
6 

12 

28 
7 

18 
0 

1 

1 


16 
30 

0.25 


10 

8 
4 
2 
1 

19 
39 

7 
5 


45 
8 

1.00 


7 

27 

2 


IS 

10 

0 

35 


40 
10 

0.75 


46 

2 
2 


1 

5 

15 
10 

9 
0 
6 

1 


45 
20 

0.64 


23 

19 
54 


50 
0 


§ 


20 

14 

9 

1 
24 

5 

10 


11 
2 
0 
2 


45 
24 

0.95 


•3 


6 

0 

19 

11 

3 

0 

0 

10 

13 

1 

8 

15 

1 

8 

1 

2 

1 


39 
21 

0.63 


Some  conaments  on  these  tables  will  be  of  interest.  It  is,  of  course,  not  at  all 
surprising  that  rock  outcrops  should  be  far  more  extensive  in  the  highlands 
than  in  the  coastal  plain,  for  the  strata  of  the  latter,  being  much  younger, 
have  never  been  subjected  to  enough  pressure  from  overlying  materials  to 
harden  them  into  rock.  What  few  rocks  do  occur  in  the  coastal  plain  are 
chiefly  the  result  of  cementation  of  sand  by  iron  oxide,  or  of  deposition  of 
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calcium  carbonate  by  marine  organisms.  The  only  rock  outcrop  in  the  whole 
coastal  plain  of  the  United  States  reported  in  Bulletin  96  of  the  Bureau  of 
Soils  (page  301)  is  384  acres  of  limestone  in  the  "Marianna  area,"  Florida, 
and  this  forms  the  basis  of  the  first  figure  in  column  14.    But  the  "Lauder- 


TABLE2 
Soils  of  coastal  plain  in  Alabama  and  West  Florida 


SOIL  CLASSES 


Rock  outcrop 

Gravelly  sand 

Coarse  sand 

Sand,     sand-hill,     coastal 

beach 

Fine  sand 

Loamy     sand     (fine     or 

coarse) 

Stony  or  gravelly  loam 

Stony  or  gravelly  sandy 

loam 

Coarse  sandy  loam 

Sandy  loam 

Fine  sandy  loam 

Very  fine  sandy  loam 

Loam 

Silt  loam 

Silty  clay  loam 

Clay  loam 

Stony  day 

Clay  (including  black  clay). 
Swamp,  meadow,  muck,  etc. 
Tidal  marsh 

Percentages  of  evergreens. . 

Improved  land,  1880 

Expenditure  for  fertilizers 
per  acre,  1909-10  (dol- 
Urs) 


1 

1 

1 

1 

1 

1 

1 
1 

1 

I 

:§ 

1 

1 

t 

i 

'3 

a 

2 

00 

Ov 

o 

^ 

M 

j2 

•* 

«/» 

« 

•^ 

« 

a   5 

1 

0 

2 

: 

3 

3 

1 

2 

0 

0 

1   1 
1 

3 

2 

17 

2 

21 

9 

12 

23 

65 

!  12 

0 

1 

2 

7 

8 

2 

9 

8 

0 

82 

6 

15 

0 

3 

0 

7 

1 

4| 

3 

5 

19 

1 

0 

5  2 

10 

21 

3 

1 

2 

2 

i     ^ 

0 

0 

0 

3 

0 

I     0 

21 

33 

2 

24 

4 

18 

14 

21 

14 

16 

37 

7 

22 

23 

35 

37 

45 

45 

34 

1 

I 

32 

0 

5 

!;  0 

5 

6 

9 

1 

2 

2 

3 

3 

4 

4 

0 

2 

1 

17 

2 

0 

0 

0 

1 

2 

9 

0 
1 

1 
3 

3 

1 
0 

4 

60 

11 

33 

4 

2 

1 

28 

11 

5 

4 

2 

6 

3 
45 

5 

13 

13 

6 

47 
1 

7 
27 

14 

6 

50 

60 

30 

45 

58 

47 

70 

75 

13 

80 

75  !  S9 

16 

? 

45 

40 

? 

17 

? 

? 

1 

0 

0 

1 

14 

0.75 

? 

0.35 

0.79 

? 

1.20 

? 

1.40 

2.18 

0 

? 

1.04 

0.93 

dale  stony  clay"  in  the  southern  part  of  Clarke  County,  Alabama  (not  that 
in  the  northern  part)  is  practically  the  same  thing,  and  belongs  to  the  same 
region;  and  there  are  many  rock  outcrops  too  small  to  map  in  other  divisions 
of  the  coastal  plain. 
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Pure  sand  as  a  soil  type  is  almost  wanting  in  the  highlands,  but  fairly  com- 
mon in  the  coastal  plain.  The  various  stony  loams,  silt  loams,  and  clay 
loams  arc  common  in  the  highlands,  but  scarce  south  of  the  central  pine  belt, 
while  the  sandy  loams  are  naturally  commonest  southward.  There  is  more 
pure  clay  soil  in  the  coastal  plain  than  in  the  highlands,  a  fact  not  easily 
explained  in  a  few  words. 

It  has  long  been  known  that  swamps  are  more  extensive  in  the  coastal  plain 
than  in  the  interior,  but  that  fact  has  perhaps  never  been  shown  statistically 
before.  Although  the  percentages  for  swamps  cannot  be  regarded  as  very 
accurate,  for  reasons  given  on  an  earUer  page,  it  is  imquestionable  that  they 
are  several  times  as  prevalent  in  the  coastal  plain  as  in  the  highlands;  a  fact 
doubtless  correlated  with  the  "immaturity"  of  the  topography,  and  also 
with  the  heavier  summer  rainfall  toward  the  coast,  which  coimterbalances 
the  evaporation  to  a  considerable  extent. 

The  evergreen  percentages  range  from  13  in  the  Mobile  delta  to  80  in  the 
coast  strip,  and  average  about  52  for  the  whole  area  mapped.  The  highest 
percentage  of  improved  land  is  in  the  black  belt,  and  the  highest  expenditure 
for  fertilizer  in  the  southern  pine  hills. 

The  correlations  between  evergreens,  improved  land  and  fertilizers  are 
very  significant,  especially  if  we  disregard  those  regions  where  agriculture  is 
undeveloped  on  account  of  rough  topography  or  periodical  inundation,  or 
better  still,  consider  only  the  two  major  divisions,  thus  eliminating  local 
irregularities.  The  highlands,  having  richer  and  finer  soil  on  the  average 
than  the  coastal  plain,  have  relatively  more  deciduous  trees  and  more  im- 
proved land,  and  spend  less  for  fertilizers.  The  difference  in  the  amoimt  of 
improved  land  is  less  now  than  it  was  in  1880,  however,  for  the  increasing 
consumption  of  fertilizers  tends  to  obliterate  original  differences  in  soil 
fertility. 
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Samples  of  soil  for  bacteriological  exaimnation  are  generally  obtained  by 
digging  a  trench  with  a  spade,  sections  being  then  taken  with  a  sterilized 
spatula  from  the  vertical  wall  at  the  end  of  the  trench.  This  involves  a  jcon- 
siderable  amount  of  labor  and  inconvenience,  especially  when  sub-surface 
portions  are  desired.  Furthermore,  on  plots  planted  to  crops,  the  trench 
method  disturbs  the  soil  mass  in  an  objectionable  way,  particularly  when 
samples  are  taken  at  frequent  intervals.  Thus  when  composite  samples  are 
obtained  to  ensure  a  more  uniform  sampling  and  when  these  are  taken  six  or 
twelve  times  a  year,  a  method  causing  much  digging  over  of  the  soil  is  not 
feasible. 

For  chemical  and  ph3r5ical  studies  soil  augers  may  often  be  used,  the  pro- 
cediu:e  being  to  enlarge  and  clean  the  boring  with  the  larger  auger  and  sample 
with  the  smaller.  But  this  method  is  not  satisfactory  for  bacteriological 
studies  as  there  is  always  more  or  less  contamination  of  the  lower  sections 
by  the  soil  from  the  surface  falling  down  into  the  boring.  Moreover,  it  is 
impossible  to  remove  the  soil  from  the  auger  without  exposing  and  contami- 
nating it.  Bacteriological  samples  may  be  conveniently  obtained  from  the 
surface  layer  only,  using  the  apparatus  described  by  Noyes  in  the  Journal  of 
the  American  Society  of  Agronomy  (vol.  7,  no.  5,  p.  221). 

THE  SAMPLER 

In  order  to  obtain  samples  below  the  surface*  the  author  devised  a  sampler, 
the  five  parts  of  which  are  illustrated  by  longitudinal  drawings  in  figure  1. 
C  shows  the  surface  shield,  the  upper  flange,  a,  being  10  inches  in  diameter  and 
i  inch  thick  while  the  tube,  6,  is  4  inches  long  and  has  an  inside  diameter  of 
2}  inches. 

The  sampling  tube,  A,  is  3^  feet  long  and  has  an  inside  diameter  of  IJ 
inches.  It  is  divided  into  two  parts,  a  and  b.  Piece  a  (shown  by  B)  is 
11  inches  long  and  has  a  point  made  so  that  the  core  sKdes  easily  up  through 
the  tube.  The  inner  shoulder  above  the  cutting  edge  is  about  i  inch  wide. 
Piece  a  is  attached  to  piece  b  by  means  of  a  bayonet,  or  groove  and  key  joint, 
made  so  that  it  closes  and  tightens  when  the  upper  part  of  the  tube  is  turned 
to  the  right.    A  sKght  twist  to  the  left  enables  one  to  detach  the  lower 
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Fic.  1.  Longitudinal  Sections  op  Son.  Sampler. 

A,  Tlie  sampling  tube;  B,  lower  end  of  the  sampling  tube  of  i4;  C,  the  surface  shield; 
P,  the  cleaning  and  enlarging  tube;  E,  tamper  to  be  used  with  cleaning  tube  when  necessary. 
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piece  and  remove  the  core  of  soil.  The  shoulders  of  this  joint  taper  shghtly 
into  each  other  so  as  to  come  together  and  take  up  any  looseness  resulting 
from  wear. 

Instead  of  the  bayonet  joint  an  ordinary  pipe  coupling  union  may  be  used, 
although  it  is  not  as  handy  or  as  easy  to  separate  and  to  unite  the  two  parts 
of  the  tube  when  this  device  is  employed. 

The  cleaning  tube,  D,  has  an  outside  diameter  that  permits  it  to  slip  easily 
but  snugly  through  the  surface  shield,  C.  Otherwise,  the  construction  is 
similar  to  that  of  the  sampling  tube  except  that  the  point  does  not  taper  in 
to  obtain  the  cutting  edge.  This  should  be  avoided  in  order  that  particles 
of  soil  may  not  work  up  between  the  cleaning  tube  and  the  surface  shield  in 
the  process  of  sampling.  Each  of  the  tubes  is  reinforced  at  the  top  with  a 
flange  ^  inch  thick  and  the  handles  are  screwed  through  the  flange  and  the 
wall  of  the  tube.  The  tubes  may  be  laid  off  into  the  desired  divisions,  for 
nstance  every  6  inches,  by  cutting  shallow  grooves  in  them  with  a  lathe. 

In  loose  dry  soil  it  is  advisable  to  use  the  tamper,  £,  to  tamp  down  the  soil 
in  the  cleaning  tube  before  removing  it  from  the  boring,  thus  making  sure 
that  the  bottom  of  the  boring  is  well  cleaned  and  that  no  soil  drops  back  into 
it.    In  moist  soils  this  precaution  is  hardly  necessary. 

The  material  used  throughout  consists  of  a  good  grade  of  tool  steel,  with  the 
exception  of  wooden  handles  on  the  larger  tube  and  the  cyUndrical  wooden 
plimger  of  the  tamper. 

METHOD  OP  SAMPLING 

To  use  the  sampler  the  surface  shield  is  first  thrust  into  the  ground.  This 
prevents  any  of  the  loose  surface  soil  from  falling  into  the  boring  as  it  is  made. 
The  first  or  surface  section  is  then  taken  with  the  sampling  tube  (plate  I, 
fig.  1).  Only  the  small  lower  piece  a  (fig.  1,  A)  needs  to  be  sterile.  It  may  be 
plugged  with  cotton  and  sterilized  in  a  hot-air  oven  before  taking  it  from  the 
laboratory.  For  sterilization  in  the  field  alcohol  is  used.  Contamination 
from  above  is  prevented  by  inserting  a  cotton  plug  into  the  bottom  of  piece 
h  (fig.  1,  B)  and  then  flaming  it.  When  a  core  of  the  desired  length  is  in  the 
sampler,  piece  a  is  removed  by  a  slight  turn  to  the  left  and  the  core  is  allowed 
to  sUde  out  through  the  upper  end  into  a  sterile  glass  jar.  In  case  one  does 
not  desire  to  disturb  the  core,  the  tube  may  be  capped  and  similar  tubes,  pre- 
viously sterilized,  used  for  the  other  sections.  To  obtain  the  next  section 
below  the  surface  the  deaning  tube  is  inserted,  to  clean  and  enlarge  the  bor- 
ing down  to  the  desired  depth,  using  the  tamper  (fig.  1,  E)  to  compact  this 
core  in  case  it  is  too  loose  to  remove  completely  without  tamping.  The 
sampling  tube  is  then  lowered  into  the  enlarged  boring,  care  being  taken  that 
its  point  does  not  touch  the  side  walls.  In  this  manner  the  desired  number 
of  sub-fturface  samples  may  be  obtained.  If  composite  samples  are  desired 
additional  borings  may  be  made  over  a  given  area,  sections  from  a  given 
depth  being  added  to  the  jar  marked  to  receive  them. 
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In  sampling  for  chemical  analysis  the  procedure  is  similar  except  that  the 
apparatus  need  not  be  sterilized. 

The  sampler  fits  together  conveniently  and  may  be  carried  by  means  of  a 
strap  (plate  I,  fig.  2).  Its  total  weight  is  about  12  poimds.  A  mechanic  of 
ordinary  ability  should  have  no  trouble  in  making  one.  It  is  giving  satisfac- 
tory service  in  bacteriological  investigations  which  are  being  conducted  at  the 
New  Jersey  Agricultural  Experiment  Station. 

An  expression  of  appreciati(»  is  extended  to  Dr.  J.  G.  lipman  and  Prof. 
A.  W.  Blair  for  their  kindly  interest  and  constructive  criticism. 


Plate  I 

Fig.  1.  Apparatus  in  position  for  taking  the  surface  section.    The  arrow  points  to  the 
joint  in  the  sampling  tube. 

Fig.  2.  Showing  the  relative  size  of  the  tubes. 
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EXPERIMENTS  IN  METHODS  FOR  DETERMINING  THE 
REACTION  OF  SOILS 

HARALD  R.  CHRISTENSEN 

From  the  Sialens  Planieavls-Laboratofium,  Copenhagen 

Received  for  pablicatioii  May  8,  1917 
INTRODUCTION 

In  former  papers  (6,  7,  9,  10),  the  author  has  published  results  obtained 
from  extensive  investigations  in  determining  the  influence  the  reaction  and 
basicity  of  the  soil  exerts  upon  its  condition.  He  was  able  to  state  that  this 
influence  is  very  complicated  and  many-sided.  He  demonstrated  that  by 
determining  the  above-named  characteristics  of  the  soil,  comparatively  cer- 
tain information  as  to  the  need  for  lime  in  the  soil  might  be  obtained.  This 
is  of  especial  interest  for  practical  pmposes. 

The  methods  used  in  the  investigations  mentioned  above  were  largely 
qualitative.  Despite  this  fact  they  have  given  reliable  information  as  to  the 
need  for  lime  in  the  soil.  The  author,  as  indicated  (9,  p.  382),  thinks  that 
this  is  due  to  the  fact  that  the  need  for  lime  in  soil  is  not  (as  in  the  case  of 
need  for  nitrogen,  phosphoric  acid  or  potassium),  first  of  all  determined  by  the 
amount  of  nutritive  elements  present  in  the  soil  in  a  form  available  for  plants> 
but  expresses  a  particular  condition  of  the  soil, — that  is,  the  presence  or  absence 
of  certain  haste  substances. 

The  nature  of  the  question  is  such,  that  methods  for  an  accurate  quanti- 
tative determination  of  the  above-named  characteristics  of  soils  might  in 
many  instances  give  much  interesting  information.  For  the  present  we  will 
limit  ourselves  to  investigations  of  the  need  for  lime.  We  find  that  by  using 
the  qualitative  methods  (acid,  litmus  and  Azotobacter  tests),  known  at 
present,  we  can  determine  whether  or  not  the  soil  contains  the  necessary 
basic  substances,  but  we  can  obtain  only  faint  suggestions  as  to  the  degree 
of  this  need,  and  the  supply  of  these  substances. 

We  must  be  careful  not  to  overexaggerate  the  practical  importance  which  a 
quantitative  determination  of  the  acidity  or  basicity  of  the  soil  might  have  in 
indicating  its  lime-requirement.  We  must  remember  that  by  treating  lime^ 
poor  soils  with  chalk  or  marl,  an  attempt  is  made  to  give  a  surplus  of  lime 
sufficient  for  a  number  of  years — ^in  other  words,  a  surplus  of  basic  substances; 
and  that  the  more  complete  and  expensive  the  experimental  methods,  the 
less  the  possibility  for  using  them  in  practical  work.  Yet  the  information 
obtained  by  using  such  quantitative  methods  will  doubtless  give  far  greater 
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insight  into  the  complicated  relationship  between  soil  and  lime,  and  will  be 
of  very  special  importance  in  research  work  on  the  influence  exerted  by  lime, 
applied  in  varying  amomits,  upon  the  condition  and  productivity  of  various 
soils. 

I  need  merely  mention  the  importance  of  the  qualitative  determination 
method  in  special  research  work  on  the  influence  of  the  acidity  or  alkalinity 
of  the  soil  on  its  physical,  chemical  and  biological  conditions. 

During  the  past  year  the  author  has  investigated  one  phase  of  the  above- 
mentioned  problem,  i.e.,  determining  quantitatively  the  acidity  of  the  soil; 
and  the  results  of  the  investigations  brought  to  a  temporary  close  are  now 
submitted  in  the  first  main  division  of  this  paper. 

In  the  second  main  division  is  ^  series  of  comparative  investigations  of 
methods  for  making  a  qualitative  determination  of  the  reaction  of  the  soil, 
and  in  connection  with  these  some  quantitative  determinations  of  the  ability 
of  the  soil  to  free  acids  from  various  salts. 

Probably  at  some  future  time  (and  perhaps  starting  from  other  principles), 
I  may  have  an  opportunity  for  a  renewed  study  of  the  entire  complicated  prob- 
lem of  the  determination  of  the  reaction  of  soils.  The  results  here  presented 
are  but  a  modest  contribution  toward  the  solution  of  that  problem. 

I.   QUANTITATIVE  DETERMINATION  OP  THE  REACTION  OF  THE  SOIL 

1,  Methods  for  making  a  quatUikUive  determination  of  the  acidity  of  the  soil 

The  method  hitherto  used  in  the  majority  of  cases  for  determining  the 
degree  of  acidity  in  the  soil,  is  the  one  recommended  by  B.  Tacke  (29),  leader 
of  the  Moor-Experiment  Station  in  Bremen.  The  method  is  particularly 
adapted  to  the  investigation  of  humus-soils. 

The  principle  underlying  the  method  is  to  determine  the  amount  of  COj 
which  a  certain  quantity  of  soil  mixed  with  a  s\uplus  of  calcium  carbonate  is 
able  to  free  from  this  salt. 

As  Tacke  himself  indicates,  this  method  does  not  give  absolutely  constant 
or  accurate  results.  The  carbonic  acid  never  wholly  ceases  to  generate  from 
the  humus  mixed  with  carbonates,  a  condition  believed  to  be  occasioned  by 
"inner  reactions"  of  humus  stuffs  taking  place  during  the  treatment.  In 
order  to  strengthen  this  weakness  in  the  method  Tacke's  collaborator,  H. 
Stichtmg  (26,  27),  has  modified  the  method  so  that  instead  of  making  a  di- 
rect determination  of  the  carbonic  acid  freed  by  the  action  of  soil  acids  on 
carbonates,  a  determination  is  made  of  the  amoimt  of  carbonates  left  in  the 
retort  after  reaction  has  taken  place.  A  surplus  of  hydrochloric  acid  is  added 
to  this  remainder  and  the  amoimt  of  carbonic  acid  generated  is  determined 
in  the  usual  way.  The  difference  between  the  amoimt  of  carbonic  acid  added, 
and  the  amount  of  carbonic  acid  remaining  in  combination,  gives  us  an 
expression  for  the  acid  content  of  the  soil. 
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Siichting  shows  that  this  modification  of  Tacke's  method  gives  greater 
surety  and  accuracy  than  the  original  method,  for  the  "inner  reactions"  of 
humus  stuffs  referred  to  above  are  here  present  in  but  very  limited  amounts. 
In  both  methods  the  reaction  takes  place  at  ordinary  room-temperature. 

In  1903,  three  Americans,  Hopkins,  Kjiox,  and  Pettit  (17),  published  a 
method  for  determining  the  acidity  of  soils  based  upon  the  ability  which  acid 
soils  inter-reacting  upon  neutral  salts  have  to  free  acids  from  them.  In  1905 
the  American  agricultural  chemists  convened  in  Washington  adopted  this 
method  as  the  one  to  be  used  for  the  present  when  determining  the  acidity 
of  the  soil.    The  method  proposed  is  as  follows. 

One  hundred  grams  of  soil  are  placed  in  a  400  cc.  retort  and  covered  with  so  much  of  a  5 
per  cent  sodium  chloride  solution,  that  it,  together  with  the  water  contained  in  the  soil, 
yields  250  cc.  of  liquid.  The  retort  is  placed  in  an  agitator  and  shaken  for  three  hours  (or 
shaken  by  hand  every  half-hour  during  a  period  of  twelve  hours).  The  mixture  is  filtered 
and  the  add  content  of  125  cc.  of  the  filtrate  determined  by  titration  with  diluted  NaOH, 
using  phenolphthalein  as  an  indicator. 

If  for  the  125  cc.  of  liquid  taken  from  the  retort  an  equal  amount  of  a 
fiesh  sodium  chloride  solution  is  substituted  and  the  above  process  followed, 
we  find,  according  to  investigations  made  by  Hopkins  and  his  collaborators 
that  the  next  125  cc.  of  liquid  titrated  contains  about  two-thirds  as  much 
add  as  the  first  portion,  and  that  portion  no.  3,  contains  two-thirds  as  much 
as  portion  no.  2,  etc.  From  this  constancy  we  are  able  to  compute  the  factor 
with  which  the  result  of  the  first  three  titrations  may  be  multiplied  in  order 
to  express  the  absolute  acidity.    This  factor  is  estimated  to  be  about  3} 

Based  on  the  determinations  made  according  to  this  method,  and  the 
determinations  as  to  the  weight  of  soil  per  cubic  measure,  it  is  possible  to 
estimate  how  large  an  amount  of  lime  will  be  necessary  for  neutralizing  an 
acre  of  soil  to  a  certain  depth,  and  the  above-mentioned  scientists  take  for 
granted  that  this  amount  expresses  the  lime-requirements  of  the  soil. 

As  Baumann  and  Gully  (4)  have  later  proved,  the  ability  of  the  soil  to 
free  acid  from  salts  of  so  strong  an  acid  as  hydrochloric  acid  is  very  limited, 
and  these  scientists  therefore  emphasize  the  fact  that  when  it  is  a  question 
of  an  approximately  absolute  determination  of  the  ability  of  the  soil  to 
absorb  bases,  it  is  preferable  to  use  salts  of  weak  acids.  Veitch  (32)  has 
pointed  out  that  the  deduction  made  by  Hopkins  and  his  collaborators  that 
a  combination  of  sodium  chloride  solution  with  acid  soil  frees  hydrochloric 
acid  is  incorrect,  and  that  the  acid  reaction  of  the  liquid  is  due  to  the 
formation  of  aluminum  chloride.  ^ 

A  similar  method  has  been  proposed  very  recently  by  the  Japanese  scien- 
tist G.  Daikuhara  (12)  who,  however,  instead  of  using  sodium  chloride  solu- 
tion, used  a  1/1  N  solution  of  potassium  chloride,  for  he  points  out  the  fact 
that  the  soil  is  able  to  absorb  a  far  greater  amount  of  potassium  than  of 

*  Later  Hopkins  (17),  as  a  result  of  continued  experiments,  prefers  to  use  factor  4. 
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sodium.  Using  this  solution  the  approximately  absolute  acidity  of  the  soil 
may  be  computed  by  multiplying  the  first  result  of  titration  (see  above)  by 
the  factor  3. 

It  is  especially  interesting  to  note  that  Daikuhara  confirms  Veitch's  state- 
ment, that  by  a  reaction  between  acid  mineral  soil  and  a  potassium  chloride 
solution,  aluminvun  (and  in  certain  instances  iron)  compounds  will  become 
soluble  and  too,  that  tite  amount  of  these  substances  corresponds  very  dosdy 
to  the  amount  of  alkalies  used  up  in  titration,  Daikuhara  therefore  concludes 
that  the  acidity  of  mineral  soils  depends  upon  certain  aluminum  and  iron 
compounds  showing  an  acid  reaction  for  litmus  and  which  are  absorbed  by  the 
soil  colloids.  The  above-mentioned  compounds  are  insoluble  in  water.  By 
treating  neutral  soils  with  aluminum  or  iron  chlorides,  and  then  washing 
them  out,  the  soils  were  found  to  cause  a  strong  acid  reaction  in  a  potassium 
chloride  solution. 

To  prove  the  correctness  of  this  method  for  determining  the  add  content 
of  soils,  Daikuhara  has  mixed  three  different  acid  soils  with  just  that  amount 
of  carbonate  of  lime,  which  investigation  has  found  necessary  for  neutralizing 
these  soils.  After  the  mixture  had  stood  for  a  longer  time,  the  acidity  of  the 
soil  was  again  determined.  The  result  showed  that  the  soil  specimens  be- 
came just  neutral  upon  the  addition  of  the  computed  amount  of  carbonate 
of  lime.  Furthermore,  the  author  has  arranged  experiments  in  tubs  with 
various  soils  and  various  plants,  and  he  claims  he  has  proved  that  the  amount 
of  lime  necessary  to  neutralize  the  acidity  of  the  soil  corresponds  very  dosely 
with  the  amount  most  beneficial  to  the  plants.  A  more  detailed  report  of 
these  experiments  is  promised. 

By  means  of  the  Utmus  test,  and  by  examining  the  effect  of  a  neutral  solu- 
tion of  potassium  chloride  on  the  soil,  Daikuhara  has  shown,  that  a  very  great 
quantity  of  add  mineral  soUs  are  to  be  found  in  Japan  and  Korea. 

The  same  year  as  Hopkins  and  his  collaborators  published  their  method, 
another  American,  Veitch  (31,  32),  proposed  using  lime-water  in  determinmg 
quantitatively  the  addity  of  the  soil.    His  method  in  brief  is  as  follows. 

Of  the  given  add  soil  weigh  off  three  equally  laige  portions.  To  these  apply  various 
amounts  of  the  standard  solution  of  lime — ^for  instance,  to  the  first  portion  10  cc,  to  the 
second  20  cc,  and  to  the  third  30  cc.  Vaporize  over  a  water-bath,  and  wash  the  vaporization 
remainder  with  the  help  of  100  cc.  of  distilled  water  into  a  Jena  retort.  The  mixture  should 
stand  (shaken  from  time  to  time)  until  the  next  day.  Then  50  cc.  of  the  transparent  liquid 
over  the  predpitate  (or  of  the  filtrate)  should  be  placed  in  a  Jena  beaker,  a  few  drops  of 
phenolphthalein  solution  added,  and  the  liquid  vaporized  until  it  assumes  a  reddish  color, 
or  if  this  color  does  not  appear,  until  it  has  a  volume  of  5  cc. 

After  having  roughly  determined,  by  this  method,  how  much  lime  is  neces- 
sary to  neutralize  the  soil,  a  more  exact  determination  of  its  addity  is  made, 
and  by  varying  the  amoimt  of  lime-water  added  within  narrow  limits  (for 
instance,  2  cc.)  an  attempt  is  made  to  determine  the  smallest  amoimt  of  lime- 
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water,  which,  when  used  according  to  the  method  described  above,  will  bring 
about  the  characteristic  red  color  reaction  for  phenolphthalein. 

The  method  is  very  detailed,  requires  much  time  and  is  therefore  difl&cult  to 
use  when  many  determinations  of  the  acidity  of  soils  are  to  be  made.  Be- 
sides, it  is  not  easy  to  determine  the  saturation-point  with  sufficient  accuracy, 
and  finally,  wanning  the  soil  with  an  alkaline  solution  is  a  weakness  in  the 
method  (see  further  p.  120). 

Yet  Veitch's  method  is  very  generally  used  by  American  soU  scientists, 
and  the  acidity  of  the  soU,  or  what  is  considered  the  same — the  lime-require- 
ment of  the  soil,  is  expressed  by  the  amount  of  lime  which  a  weight  unit  of 
soil  may  absorb,  or  when  the  results  are  to  be  used  by  practical  agricultiuists — 
by  that  amount  of  lime  which  must  be  applied  per  acre  in  order  to  neutralize 
the  top  layer  of  soil. 

Quite  similar  to  Veitch's  method  is  one  recently  published  by  H.  B.  Hutch- 
inson and  K.  MacLennan  (18).  Instead  of  calcic  hydrate,  a  1/50  N  solu- 
tion of  bicarbonate  of  lime  i^  used.  The  authors  describe  their  method  as 
follows. 

To  determine  the  acidity  of  the  soil  or  its  lime-requirement,  place  10  to  20  grams  of  soil 
in  a  retort  of  500  to  1000  cc.  capacity,  with  200  to  300  cc.  of  a  ca.  1/50  N  calcium  bicarbonate 
solution.  Remove  the  air  in  the  retort  by  passing  a  carbon  dioxide  stream  through  it,  thus 
making  sure  that  no  calcium  carbonate  will  be  precipitated  during  the  analysis.  Place  the 
retort  in  an  agitator  and  shake  for  three  hours.  Filter  the  liquid.  Of  the  filtrate  take 
an  amount  equal  to  half  the  amount  of  calcium-bicarbonate  solution  originally  present. 
Titrate  this  with  a  1/10  N  add,  using  methyl  orange  as  an  indicator.  The  difference  be- 
tween this  result  and  the  result  obtained  from  titrating  the  liquid  in  its  original  condition, 
indicates  the  amount  of  lime  absorbed.  One  cc.  of  1/10  N  add  corresponds  to  5  mgm.  of 
caldum  carbonate. 

The  method*  has  two  advantages  over  Veitch's  method:  the  reaction  be- 
tween soU  and  lime  occiurs  in  an  approximately  neutral  and  un-heated  solu- 
tion, and  the  work  is  more  easUy  done.  We  have  as  yet  insufficient  data 
for  judging  the  importance  of  the  method  in  determining  the  lime-require- 
ment of  soils,  but  (as  I  shall  indicate  later),  we  hardly  dare  take  for  granted 
that  the  ability  of  the  soU  to  absorb  lime  determines  the  degree  of  its  lime- 
requirement. 

In  1909,  R.  Albert  (1)  in  Greifswalde  published  the  following  method  for 
making  a  quantitative  determination  of  the  acidity  of  the  soil. 

To  soil  placed  in  water  add  a  definite  amount  of  baiyta-water  and  ammonium  chloride. 
Drive  off  by  boiling  the  ammonium  freed  by  the  action  of  the  barytarwater  on  the  ammo- 
nium salt,  and  collect  in  a  retort  with  diluted  sulfuric  add.  A  previous  determination  should 
have  been  made  of  the  amount  of  anmionium  going  into  the  retort  when  pure  materials 
are  used,  and  the  difference  between  this  amount  and  the  amount  of  ammonium  freed  after 

'  These  authors,  too,  take  for  granted  the  quite  general  impression  that  the  degree  of 
the  ability  of  the  soil  to  absorb  lime  is  at  the  same  time  a  measure  for  the  degree  of  its  acidity 
and  its  lime-requirement. — ^H.  R.  C. 
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soil  has  been  added  measures  the  amount  of  baryta  necessary  for  neutralizing  the  soil  adds — 
or  expresses  the  acidity  of  the  soil. 

Besides  being  much  simpler  and  more  easily  carried  out  than  the  Tacke- 
Siichting  method,  this  method  claims  the  additional  advantage  of  being  able 
to  express  the  measure  of  the  basicity  of  the  soil,  for  when  basic  soils  are 
used,  more  ammonium  is  freed  than  corresponds  to  the  amount  of  baryta 
water  used. 

J.  A.  Bizzell  and  T.  L.  Lyon  (5)  who  also  consider  the  determination  of  the 
power  of  the  soil  to  absorb  Ume  to  be  the  best  method  for  expressing  quanti- 
tatively the  lime-requirement  of  the  soil,  have  recently  attempted  to  better 
Albert's  method.  They  heat  the  mixture  of  baryta-water  and  soil  for  an  hour 
in  a  boiling  water-bath  before  adding  ammonium  chloride  and  making  the 
subsequent  distillation.  They  have  proved  that  the  absorption  of  barium 
does  not  take  place  as  quickly  as  Albert  took  for  granted.  Moreover,  these 
scientists  prove  that  soil  heated  with  a  pure  ammonium  chloride  solution  is 
able,  to  a  certain  extent,  to  free  ammonium  from  this,  but  as  the  ability 
varies  in  the  various  soils,  it  is  necessary  in  each  case  to  correct  the  results 
obtained  by  distillation  with  baryta-water  with  that  obtained  by  the 
named  blind  determination. 

As  Siichting  and  Amdt  (28)  have  pointed  out,  the  method  used  by  Albert, 
and  which  at  first  glance  appeared  so  attractive,  is  wrong  in  principle;  for 
the  strongly  alkaline  hydroxides  (especially  on  the  application  of  heat)  de- 
compose the  organic  substances  in  the  soil.  Therefore,  methods  based  on 
this  principle  cannot  be  used  for  making  an  exact  determination  of  the  acidity 
or  basicity  of  the  soil. 

In  the  papers  appearing  in  the  two  years  1909  (2)  and  1910  (4),  A.  Bau- 
mann  and  his  collaborator,  E.  Gully,  basing  their  opinion  on  results  from 
modem  colloidal  chemistry  as  well  as  on  their  own  wide  researches,  insist, 
especially  in  the  case  of  sphagnum-peat,  that  it  is  incorrect  to  speak  of  acidity 
in  general,  for  the  acid  eflFects  of  that  substance  (for  instance  its  ability  to 
color  litmus  paper  red),  should  be  explained  as  surface  effects  (adsorption 
effects).  In  sphagnum-peat  it  is  not  a  question  of  acidity  determination 
but  merely  of  its  power  to  adsorb  bases  (or  what  is  the  same  thing — ^to  free 
acids).'  A  good  expression  of  this  power,  according  to  Baumann  and  Gully, 
is  to  treat  peat  with  a  calcium  acetate  solution  and  determine  the  amount  of 
acid  freed  by  the  inter-action  of  these  substances. 

As  in  the  opinion  of  the  above-named  scientists,  the  freeing  of  acetic  add 
is  solely  due  to  surface  effects,  this  for  the  most  part,  quantitatively  seen, 

*  As  I  have  shown  in  a  previous  paper  (9)  Baumann  and  Gixlly  are  not  entirely  right. 
In  the  electro-metric  measurements  which  the  author  of  this  present  article  in  collaboration 
with  J.  Witt  and  N.  Feilberg  has  made  of  hydrogen-ion  concentration  in  mixtures  of  raw 
sphagnum  peat  and  water,  a  considerable  nxmiber  of  hydrogen-ions  were  found  present. 
G.  Fischer  (13)  attained  a  similar  result  from  electro-metric  determinations  of  hydrogen- 
ion  concentrations  in  various  samples  of  sphagnimi-peat  from  German  bogs. 
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will  depend  on  the  relative  amounts  of  soil  and  calcium  acetate  solution  used. 
An  accurate  expression  for  the  absolute  power  to  free  acids  will,  therefore, 
be  obtained  only  by  varying  these  amounts.  When,  following  the  experi- 
ments of  the  above-named  scientists,  we  use  a  limited  amount  of  peat  (3 
gm.)  with  a  very  large  amount  of  concentrated  calcium  acetate  solution,* 
we  obtain  an  approximately  correct  expression  for  the  absolute  power  to  free 
acids;  for  under  these  conditions  possibilities  have  been  brought  about  for  an 
approximately  maximum  adsorption  of  the  base  of  the  salt  named,  and  the 
results  of  the  acid-determinations  carried  out  in  this  manner  seem  to  coincide 
very  closely  with  the  results  of  acid-determinations  made  with  the  use  of 
diluted  sodimn  hydroxide. 

In  mineral  soils,  the  use  of  solutions  of  acetates  for  acidity  determinations 
has  been  proposed  by  Oscar  Loew  (20),  who  uses  the  following  method. 

Fifty  grams  of  air-dry  pulverized  soil  are  placed  in  a  200  cc.  neutral  1  per  cent  solution  of 
sodium  or  potassium  acetate.  The  mixture  should  stand  (shaken,  however  from  time  to 
time),  for  24  hours  in  a  normal  room  temperature.  It  is  then  filtered  and  of  the  filtrate 
100  cc.  measured  off  for  titration. 

By  the  help  of  this  method,  Loew  claims  that  an  approximate  determination 
of  the  amount  of  lime  necessary  for  neutralizing  the  soil  can  be  made. 

Ach.  Gr6goire  (15)  and  his  collaborators  have  attempted  to  determine 
the  reaction  of  the  soil  by  shaking  it  with  a  mixture  of  solutions  of  potassium- 
iodate,  potassiimi  iodide  and  sodium  hyposulfite,  proposed  by  Kjeldahl  in 
his  acidi-metric  determinations,  and  titrating  the  iodine  freed  in  reaction 
with  free  soil  acids  with  a  sodium  hyposulfite  solution,  using  starch-water  as 
an  indicator.  By  this  method  the  authors  have  demonstrated  that  mineral 
soUs  may  vary  greatly  in  acidity.  They  mention  the  fact  that  silicic  add 
and  zeolites  do  not  affect  the  reagent,  while,  on  the  other  hand,  this  is  very 
sensitive  to  calcium  bicarbonate.  Sodium  bicarbonate  afFects  it  to  a  very 
slight  degree. 

Stutzer  and  Haupt  (24)  have  applied  this  principle  in  the  quantitative  de- 
termination of  the  reaction  of  the  soil,  and  g;ive  a  detailed  accoimt  of  the 
method  for  such  a  determination.  In  another  paper  (25),  the  above-men- 
tioned authors  draw  attention  to  the  fact  that  the  application  of  the  principle 
is  limited,  for  iodine  may  also  be  freed  by  ferri-salts,  cupri-salts,  free  chlorine^ 
sodium  hypochlorite,  and — ^in  the  presence  of  adds — ^by  oxidizing  chemical 
combinations;  for  instance,  peroxides,  potassium  permanganate  and  potassium 
bichromate. 

'  In  a  later  publication  of  E.  Gully  (16),  it  appears  that  in  the  experiments  referred  to 
here,  as  to  the  ability  of  sphagnum-peat  to  free  acids  by  means  of  the  lime-acetate  method, 
3  grams  of  air-dry  peat  has  been  used  with  200  cc.  of  10  per  cent  solution  of  calcium  acetate, 
and  a  three-hour  reaction  time. 

In  the  article  in  which  Baumann  and  Gully  (4)  for  the  first  time  present  the  idea  of  using 
calcium  acetate  in  determining  the  ability  of  sphagnum-peat  to  free  add,  nothing  is  said  as 
to  whether  the  weight  of  peat  used  (3  grams),  referred  to  fresh  moist  peat,  or  to  dry  peat 
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Finally  we  must  mention  J.  G.  Lipman's  proposal  (19).  In  detennining 
the  acidity  of  the  soil  he  uses'  a  micro-biological  method,  based  on  the  S6i- 
sitiveness  of  certain  bacteria  to  the  presence  of  fre^  acids  in  the  substratum. 

A  series  of  equally  large  portions  of  a  neutral  bouillon  are  measured  off.  In  each  place 
a  different  quantity  of  the  soil  sample  under  examination  (for  instance,  0.5  gram,  1  gram, 
3  grams,  5  grams,  10  grams).  SterUize  all  the  bouillon  portions,  and  when  cool  infect  with 
the  standard  bacterium  chosen  (Bacillus  mycoides  or  Bacillus  subtiUs).  After  a  certain 
length  of  time  has  elapsed,  determine  the  degree  of  bacteria  development  in  the  bouillon 
culture  by  measuring  the  amount  of  ammonium  found.  If,  for  the  sake  of  comparison, 
similar  experiments  are  made  with  bouillon  portions  minus  soil,  in  which  the  degree  of 
acidity  varies,  due  to  the  direct  addition  of  varying  amounts  of  add  to  each  portion,  it  is 
possible — within  a  certain  limit — to  determine  to  what  amount  of  add  the  devdopment  of  a 
definite  amount  of  ammonium  by  a  definite  quantity  of  soil  corresponds. 

According  to  Lipman's  observations,  the  above-mentioned  spedes  of  bacteria  can  de- 
vdop  in  an  add  content  of  up  to  2  per  cent  of  the  weight  of  the  bouillon.  In  these  ex- 
periments it  is  possible  also  to  use  AMolobacter  with  a  mannite  solution  for  their  nourishment 

Lipman  promises  further  accounts  of  experiments  based  on  this  prindple, 
and  not  until  these  appear  can  we  form  a  positive  estimate  of  the  value  of  this 
method  for  determinuig  the  addity  of  the  soil.  However,  since  ui  addition 
to  the  addity  various  other  soU  characteristics  exert  a  great  influence  on  the 
development  of  bacteria,  and  on  the  decomposition  of  the  nourishment  sub- 
strata already  mentioned  [see  further  Harald  R.  Christensen  (9)],  it  would 
appear  in  advance  that  this  method  is  not  exact  enough.  Even  could  all 
such  difficulties  be  eliminated,  the  results  obtained — especially  from  the 
bouillon-cidture — seem  rather  to  express  the  hydrogen-ion  concentration  in 
the  substratum  than  the  absolute  quantity  of  add,  for  it  appears  to  be  the 
latter  alone  which  determines  the  extent  of  the  enzymatic  decompositions 
[see  further  S.  P.  L.  Sorensen  (23)].  The  necessity  for  sterilizing  the  bouillon 
portions  after  the  soil  has  been  added  is  a  weakness  in  the  method,  in  view  of 
the  chemical  changes  in  the  soil  caused  by  heat. 

Without  at  this  point  going  further  into  the  discussion  of  the  much  disputed 
question  of  the  existence  of  humus  adds,  the  author  wishes  to  express  as  his 
opinion,  that  ui  view  of  the  results  obtained  from  the  chemical  experimental 
methods  described  above,  it  is  more  correct  to  speak  of  acid-freeing  pcfwer 
or  base-adsorption  power  of  the  soil,  than  of  the  acidity  of  the  soil.  To  deter- 
mine this  last-mentioned  power,  it  will  probably  be  necessary  to  use  other 
principles,  than  those  in  general  use  at  the  present  time.  Possibly  experi- 
ments with  hydrogen-ion  concentration  will  give  valuable  information  in  this 
connection,  even  though  in  agricultural  soil  analyses  such  determinations  could 
scarcely  take  the  place  of  determinations  of  the  absolute  add  content  of  the 
soil. 

In  the  investigations  described  below  only  those  methods  have  been  used 
which  are  able  to  express — ^more  or  less  completely — the  abiUty  of  the  soil 
to  free  acids  from  salts.  As  the  method  used  by  Baumann  and  Gully  (4)  (the 
acetate  method)  seemed  to  the  author  to  be  the  simplest  and  most  attractive 
of  the  methods  hitherto  proposed,  particular  emphasis  has  been  placed  upon 
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a  f uUer  test  of  the  feasibility  of  adopting  this  method,  and  upon  giving  it 
such  a  form  that  it  may  be  used  under  the  greatly  varying  conditions  in 
agricultural  soil  investigations. 

Z,  The  use  of  the  calcium  aceMe  method  in  determining  the  ability  of  the  soil 

to  free  acids 

As  various  soil  chemists,  M.  Fleischer  (14),  Baumann  and  Gully  (4),  and 
others  have  shown,  the  amount  of  acid  which  a  definite  quantity  of  peat 
is  able  to  free  in  a  neutral  salt  solution  is  determined  to  a  large  extent  by 
the  relation  between  the  amount  of  peat  and  the  amount  of  salt  solution  used. 
In  regard  to  the  freeing  of  acetic  acid  from  acetates,  Baumann  and  Gully 
(4,  p.  125)  have  made  absorption  experiifients  using  a  25  per  cent  solution  of 
sodium  acetate  with  fresh  sphagnum,  as  well  as  with  sphagnum-peat,  and 
shown  that  this  ability  diminishes  perceptibly  when  the  quantity  of  these 
last-named  substances  is  increased. 

My  object  is  first  and  foremost  to  throw  light  upon  the  extent  to  which 
this  relationship  appears  when  the  calcium  acetate  method  is  used  with 
various  soils. 

As  mentioned  before  page  121,  the  absolute  value  of  the  ability  to  free 
acids  is  approached  the  more  closely,  the  larger  the  difference  between  the 
amount  of  peat  and  of  acetate  solution  used.  However,  as  the  determina- 
tion (titration)  of  the  acid  freed,  may  be  made  with  the  greater  accuracy,  the 
larger  the  amount,  it  is  important  not  to  make  the  difference  too  small. 
Closely  connected  with  these  investigations,  others  have  been  made  as  to 
the  influence  of  the  reaction-time  on  the  freeing  of  acids,  and  finally  as  to  the 
influence  of  air-drying  on  this  ability. 

These  investigations  include  both  humus  soils  and  ordinary  field  soils 
(mineral  soils). 

The  method  used  is  as  follows: 

Place  the  soil  when  weighed  off,  in  a  retort  of  about  500  cc.  capacity  and  cover  with  ex- 
actly 300  cc.  of  calcium  acetate  solution  (1  gram  of  calcium  acetate  to  10  cc.  of  distilled  water). 
Cork  the  retort  and  shake  from  time  to  time  during  the  entire  reaction-period.  When  the 
prescribed  length  of  time  has  elapsed,  filter  the  solution  and  titrate  (with  1/10  N  sodium 
hydrate)  using  phenolphthalein  as  an  indicator. 

In  titration  50  to  100  cc.  of  the  filtrate  is  used,  preferably  the  former 
amount,  as  the  change  is  the  more  distinct  the  smaller  the  amoimt  of  fluid. 
By  titrating  3  or  4  portions  from  the  same  filtrate,  and  taking  the  average 
of  the  single  titrations,  even  ^  a  very  slightly  acid  content  can  be  estimated 
with  great  accuracy.  It  is  important  not  to  use  too  much  phenolphthalein 
as  the  most  distinct  change  appears  when  a  relatively  small  amount  (3  to 
4  drops  of  a  1  per  cent  solution)  is  used.  Phenolphthalein  causes  precipita- 
tion in  a  calcium  acetate  solution,  and  therefore  the  change  of  color  is  not  so 
distinct  as  when  (for  instance)  sulfuric  acid  is  titrated.  Dropping  with 
sodium  hydrate  must  cease  at  the  first  suggestion  of  a  change  in  color  (very 
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slight  dirty  red  tinge).  Duplicate  detenninations  were  always  made  (dupli- 
cate retorts  being  used),  besides,  as  was  mentioned  before,  taking  3  to  4  titra- 
tions of  the  filtrates  from  each  retort.  As  the  watery  solution  of  calcium 
acetate  of  commerce^  is  neutral  only  by  exception,  and  usually  shows  a  slightly 
acid  or  alkaline  reaction  for  phenolphthalein,  a  blind  determination  of  the 
reaction  in  the  solution  used  must  be  taken,  and  the  value  found  either 
added  to,  or  subtracted  from  the  values  obtained  by  titrating  the  filtrates 
from  the  mixture*  of  soil  and  water. 

The  power  to  free  acid  is,  in  every  investigation  made,  expressed  by  the 
amount  of  acid — given  in  the  number  of  cc.  1/10  N  acid^— which  1  gram  of 
dry  soil  is  able  to  free  in  the  calcium  acetate  solution  used. 

a.  Investigations  as  to  the  influence  which  the  relcUion  between  the  amount  of 
soil  and  of  calcium  acetate  solution,  as  well  as  the  reactionr-time,  exert  on  the 
ability  of  the  soil  to  free  acid.  In  these  investigations,  high-bog  peat''  and  low- 
bog  peat*  from  the  bogs  near  Studsgaard  and  Tylstrup,  silt-soil  from  meadows 
near  Varde,  and  add  field  soils  have  been  used. 

The  moist  peat  soils  were  ground  in  an  ordinary  meat  chopper.  This 
treatment,  whieh  presents  no  difficulty,  and  a  subsequent  stirring  gave  the 
material  a  homogenous  form  and  made  it  easy  to  handle.  Field  soils,  like 
the  peat  soils,  were  used  in  their  natural  moist  condition,  the  various  samples 
thoroughly  mixed  and  possible  small  pebbles  thrown  away  before  being 
weighed  and  placed  in  the  retorts.    No  other  special  preparation  was  made. 

In  table  1,  are  the  results  of  a  series  of  investigations  in  which  both  the 
amount  of  soil  and  the  reaction-time  were  varied  simultaneously,  while  the 
amoimt  of  liquid  (300  cc.)  remained  constant.  The  results  are  shown 
graphically  in  figure  1. 

The  investigations  were  made  in  two  series. 

If  we  turn  first  to  the  results  of  the  investigations  in  Series  I,  we  see  that 
both  the  quantity  of  the  soil  and  the  reaction-time  exert  an  important  influ- 
ence on  the  extent  to  which  acid  is  freed. 

Agreeing  with  the  report  from  Baumann  and  Gully  (4),  we  too  find  the 
largest  amount  of  acid  free  per  weight  unit  of  soil  when  the  smallest  amount 
of  peat  soil  is  used.  But  as  the  table  shows,  by  prolonging  the  reaction- 
time  we  possess  a  means  for  eliminating  totally  or  partially  those  differences 
which  appear  when  varying  quantities  of  soil  are  used.  Judging  by  the  re- 
sults obtained  from  peat  soils,  a  five-hour  reaction-time  seems  to  yield  ap- 
proximately the  maximum  amoimt  of  acid  freed,  if  the  amoimt  of  peat  used 
is  not  larger  than  a  corresponding  0.5  gram  to  0.75  gram  of  dry  soil.  When 
larger  quantities  of  peat  are  used  the  values  for  the  amount  of  acid  freed,  gen- 

■  The  calcium-acetate  used  in  the  investigations  comes  from  Kahlbaum,  Berlin. 
*  In  Baumann  and  Gully's  investigations  the  solution  is  neutralized  before  being  used. 
'  Danish — ^Hojmosetrv;  German — ^Hochmoortorf. 

'Danish — ^Lavmosetrv;  German — Niedermoortorf;  English — ^fen  (according  to  Edw.  J. 
Russell,  Soil  Conditions  and  Plant  Growth,  p.  69-70). 
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erally  seem  to  diminish  appreciably.  For  field  (mineral)  soils,  a  five-hour 
reaction-time  seems  to  yield  approximately  the  maximum  amount  of  add 
freed  per  weight  unit  of  soil,  when  an  amoimt  up  to  10  to  15  grams  of  diy 
soil  is  used.  Were  the  reaction-time  but  three  hours,  only  5  grams  of  dry 
soU  could  be  used  when  proportionately  just  as  large  an  amount  of  acid  is  to 
be  freed. 

Later,  certain  observations  of  the  influence  of  the  reaction-time  on  the 
amount  of  acid  freed  seemed  to  indicate  that  a  five-hour  reaction-time  was 
not  sufficient  for  all  soils  to  bring  the  reaction  between  the  soil  and  thecal-^ 
dum  acetate  solution  to  a  dose.    New  investigations  (table  1,  series  2;  and 


Um^i»^fim^d\ 
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Fig.  1.  Diagram  Showing  the  Intluence  of  the  Amount  of  Soil  and  the  Reachon- 
TiME  ON  THE  Amount  of  Acm  Fxeed  from  Calcium  Acetate  Solxttion 

table  2)  were  made,  high-bog  peat,  low-bog  peat,  mineral  soils  and  silt  soil 
being  used. 

The  results  of  these  investigations  establish  the  fact  that  the  reaction- 
time  as  well  as  the  proportional  amounts  of  soU  and  salt  solution  used,  have  a 
great  influence  upon  the  degree  of  the  amount  of  add  freed,  and  as  may  be 
seen  from  the  tables,  of  these  two  factors,  the  reaction-time  is  usually  the 
more  important.*    In  the  case  ,of  high-bog  peat  this  factor  is  of  relatively 

*  Though  in  the  case  of  colloid  material  it  is  dijQBcuIt  to  determine  to  what  extent  we  are 
dealing  with  adsorption  or  with  diemical  reaction,  it  is  genezally  safe  to  say  that  the  first  pro- 
cess ceases  quite  quickly.  When  such  a  heterogeneous  material  as  soil  is  used,  of  which  the 
kiger  part  consists  of  combinations  very  difficult  of  solution,  a  very  bng  time  may  e]ape» 
before  the  chemical  equilibiium  is  established.  The  great  influence  which  the  reaction- 
time  in  these  experiments  exerts  on  the  absorption  of  bases  may  perhaps  indicate  that  this 
absorption  is  not  occasioned  by  surface  effects  alone. 
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TABLE  1 

The  influence  of  the  amount  of  soil  used  and  the  reaction  time  on  the  ability  of  the  soil  to  fret 

acids 
Series  1 


oEAiis  SOIL  innD 

IBACnON 
TIMB  ZM 
HOVIS 

AOD  nSBD,  nCPKMBID  III  COBIC  CBKTIiaBmB 
1/10  NT  ACID 

Per  100  oc.  liquid 

Per  1  gm. 
moist  sofl 

Per  1  im. 

Fresh,  most 

Dry* 

The  single 
retortst 

Averse 

dry*ioa 

]ffigh  bog  peat  A  from  ''Knudemose"  near  Heming  (strong  add  reaction) 


3 

0.30 

3 

1.26 
1.23 

1.25 

1.25 

12.5 

6 

0.60 

3 

2.26 
2.31 

2.29 

1.15 

11.5 

9 

0.90 

3 

3.21 
3.31 

3.26 

1.09 

10.9 

3 

0.30 

5 

1.28 
1.26 

1.27 

1.27 

12.7 

6 

0.60 

5 

2.55 
2.47 

2.51 

1.27 

12.7 

9 

0.90 

5 

3.50 
3.45 

3.48 

1.16 

11.6 

High-bog  peat  B  from  "Store  Vildmose"  near  Tylstrup  (strong  acid  reaction) 


3 

0.36 

3 

1.67 
1.67 

1.67 

1.67 

13.9 

6 

0.72 

3 

3.26 
3.26 

3.26 

1.63 

13.6 

9 

1.08 

3 

4.64 
4.74 

4.69 

1.56 

13.0 

12 

1.44 

3 

6.09 
6.14 

6.12 

1.53 

12.7 

18 

2.16 

3 

8.85 
8.80 

8.83 

1.47 

12.3 

3 

0.36 

5 

1.75 
1.70 

1.73 

1.73 

14.4 

6 

0.72 

5 

3.24 
3.21 

3.23 

1.62 

13.5 
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GRAMS  SOIL  U8HD 

UACnON 

nujt  IN 

HOTJXS 

ACm  nSKD,  SZRBSSID  III  CUBIC  CBIITIMBTBBS 

1/10  N  Acm 

' 

Per  100  oc.  liquid 

Per  1  gm. 
moist  loU 

Perlgm. 
dry*  soil 

Fresh,  moist 

Dry 

ThesxDi^ 
retortst 

Average 

IQgh-bog  peat  B  from  "Store  Vildmose''  near  lyistrup  (strong  add  reaction) 


9 

1.08 

5 

4.63 
4.61 

4.62 

1.54 

12.8 

12 

1.44 

5 

6.17 
6.14 

6.16 

1.54 

12.8 

18 

2.16 

5 

8.91 
8.99 

8.95 

1.49 

12.4 

Low-bog  peat  A  from  "Store  Wdmose''  (strong  add  reaction) 


1» 

0.26 

3 

0.71 
0.71 

0.71 

1.42 

8.2 

3 

0.52 

3 

1.41 
1.44 

1.43 

1.43 

8.3 

^ 

0.78 

3 

2.13 
2.13 

2.13 

1.40 

8.1 

6 

1.04 

3 

2.94 
2.85 

2.90 

1.45 

8.4 

u 

0.26 

5 

0.71 
0.71 

0.71 

1.42 

8.2 

3 

0.52 

-  5 

1.31 
1.41 

1.36 

1.36 

7.9 

^ 

0.78 

5 

2.09 
2.07 

2.08 

1.39 

8.0 

6 

1.04 

5 

2.91 
2.84 

2.87 

1.44 

8.3 

Low-bog  peat  B  from 

"Tylstrup" 

(strong  acid  reaction) 

3 

0.57 

3 

1.70 
1.65 

1.68 

1.68 

8.8 

6 

1.14 

3 

3.23 
3.26 

3.25 

1.63 

8.6 
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OBAMg  SOIL  VSBD 

BBACnON 

ran  m 

HOVBS 

1/10  N  Acm 

Per  100  cc.  liquid 

Perlgm. 
moist  soil 

Perlgm. 

Fredi,  moitt 

Dry* 

Tbe  single 
retorut 

Average 

dry«3oU 

Low-bog  peat  B  from  "Tylstrap''  (stioDg  add  reaction) 


9 

1.71 

3 

4.36 
4.36 

4.36 

1.45 

7.6 

12 

2.28 

3 

5.62 
5.67 

5.65 

1.41 

7.4 

18 

3.48 

3 

7.69 
7.82 

7.76 

1.29 

6.8 

24 

4.56 

3 

9.72 

9.72 

1.22 

6.4 

reaction) 

3 

2.6 

3 

0.65 
0.65 

0.65 

0.65 

0.75 

6 

5.2 

3 

1.21 
1.21 

1.21 

0.61 

0.70 

9 

7.8 

3 

1.80 
1.90 

1.85 

0.62 

0.72 

12 

10.4 

3 

2.22 
2.17' 

2.20 

0.55 

0.63 

15 

13.0 

i 

2.41 
2.36 

2.39 

0.48 

0.55 

15 

13.0 

3 

2.71 
2.71 

2.71 

0.54 

0.63 

15 

13.0 

5 

2.86 
2.81 

2.84 

0.57 

0.66 

Clay  soil  (A)  (acid  reaction) 

3 

2.5 

3 

0.55 
0.60 

0.58 

0.58 

0.70 

6 

5.0 

3 

0.98 
1.03 

1.01 

0.51 

0.60 

Digitized  by 


Google 


DETERMINING  THE  REACTION  OF  SOILS 
TABLE  1  (Cont.) 


129 


UBACnON 
TIMX  W 

Boxms 

ACID  mSD,  BXFKBSSKD  IN  CUBIC  CBirnMSTBRS 
1/10  N  ACID 

Per  100  cc.  liquid 

Per  1  gm. 
moist  soil 

Per  1  gm. 

Fresh,  moist 

Dry* 

The  single 
retortst 

Average 

dry*8oa 

Clay  soil  (A)  (acid  reaction) 


9 

7.5 

3 

1.26 
1.40 

1.33 

0.44 

0.53 

12 

10.0 

3 

1.70 
1.85 

1.78 

0.45 

0.53 

18 

15.0 

3 

2.34 

2.34 

0.39 

0.47 

3 

2.5 

5 

0.53 
0.53 

0.53 

0.53 

0  64 

6 

5.0 

5 

1.00 
1.02 

1.01 

0.51 

0.60 

9 

7.5 

5 

1.56 
1.51 

1.54 

0.51 

0.62 

12 

10.0 

5 

2.11 
2.05 

2.08 

0.52 

0.62 

18 

15.0 

5 

2.91 
2.91 

2.91 

0.49 

0.58 

Series  2 
High-bog  peat  C  from  "Knudemose"  (strong  add  reaction) 


6 

0.88 

3         ) 

2.95 
3.11 

3.03 

1.52 

10.3 

3 

0.44 

5 

1.73 
1.69 

1.71 

1.71 

11.6 

6 

0.88 

5 

3.21 
3.19 

3.20 

1.60 

10.9 

12 

1.76 

5 

6.06 
5.86 

5.96 

1.49 

10.2 

Low-bog  peat  C  from  Gelleruplimd  (acid  reaction);  (6/10  1913) 


0.542 


0.73 
0.70 


0.72 


1.08 


4.0 
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GKAKS  SOIL  U8KD 


Fresh,  moist 


Dry* 


KBACnON 

Tin  XK 

HOUXB 


ACID  IKBED,  BXRCSSH)  111  CUBIC  CaBMTIlfKIKU 
1/10  N  ACID 


Per  100  GC.  liquid 


The  single 
retortst 


Average 


Per  1  gm. 
moist  soil 


Per  1  gm. 
dry*sofl 


Low'bog  peat  C  from  Gdleraplund  (add  reaction)  (6/10  1913) 


4 

1.084 

3 

1.44 
1.40 

1.42 

1.07 

3.9 

6 

1.626 

3 

2.15 
2.19 

2.17 

1.09 

4.0 

8 

2.168 

3 

2.90 
2.90 

2.90 

1.09 

4.0 

12 

3.252 

3 

4.26 
4.24 

4.25 

1.06 

3.9 

2 

0.542 

5 

0.77 
0.81 

0.79 

1.19 

4.4 

4 

1.084 

5 

1.72 
1.78 

1.75 

1.31 

4.9 

6 

1.626 

5 

2.52 
2.54 

2.53 

1.27 

4.7 

8 

2.168 

5 

3.41 
3.41 

3.41 

1.28 

4.7 

12 

3.252 

5 

4.93 
4.91 

4.92 

1.23 

4.5 

Same  low-bog  peat  (8/10  1913) 


2 

0.542 

3 

0.72 
0.72 

0.72 

1.08 

4.0 

4 

1.084 

3 

1.56 
1.64 

1.60 

1.20 

4.4 

8 

2.168 

3 

3.04 
3.12 

3.08 

1.16 

4.2 

2 

0.542 

5 

0.85 
0.84 

0.85 

1.28 

4.7 

4 

1.084 

5 

1.76 
1.72 

1.74 

1.31 

4.8 
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GRAMS  son.  XT8BD 

KKACnOM 

TIMB  IS 

HOX7X8 

1/10  N  ACID 

Per  100  cc.  liquid 

Per  1  gm. 
mobt  soil 

Per  1  gm. 

Fresh,  moist 

Dry* 

The  single 
retortst 

Average 

dry*  soil 

Same  low-bog  peat  (8/10  1913) 


8 

2.168 

5 

3.45 
3.41 

3.43 

1.29 

4.7 

12 

3.252 

5 

5.08 
5.02 

5.05 

1.29 

4.7 

2 

0.542 

7 

0.95 
0.91 

0.93 

1.40 

5.1 

4 

1.084 

7 

1.97 
1.89 

1.93 

1.45 

5.3 

8 

2.168 

7 

3.72 
3.82 

3.77 

1.41 

5.2 

Low-bog  peat  D  from  "Store  Vildmose"  (strong  acid  reaction) 


2.1 

0.612 

3« 

1.15 

1.64 

5.6 

4.2 

1.224 

3 

2.35 

1.68 

5.8 

8.4 

2.448 

3 

4.40 
4.48 

4.44 

1.59 

5.5 

16.8 

4.896 

3 

8.59 
8.41 

8.50 

1.52 

5.2 

2.1 

0.612 

5 

1.47 

2.1 

7.2 

4.2 

1.224 

3 

2.68 
2.82 

2.75 

1.96 

6.7 

8.4 

2.448 

3 

5.15 
5.15 

5.15 

1.84 

6.3 

16.8 

4.896 

3 

9.21 
9.19 

9.20 

1.64 

5.6 
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ABACnON 

TIMB  DC 

HOX7X8 

ACD  WMXMD,  EXPItBSSKD  IN  CUBIC  CBMTIMBTBBB 
1/10  N  ACID 

Per  100  cc.  Uquid 

Per  1  gm. 
moist  sod 

Per  1  gm. 

Fresh,  moist 

Dry* 

The  single 
retortst 

Average 

dry*  S3 

Silt  soil  no.  12  (acid  reaction) 


3 

0.62 

3 

1.39 
1.43 

1.41 

1.41 

6.8 

6 

1.24 

3 

2.57 
2.63 

2.60 

1.30 

6.3 

9 

1.86 

3 

3.67 
3.67 

3.67 

1.22 

5.9 

3 

0.62 

5 

1.58 
1.54 

1.56 

1.56 

7.5 

6 

1.24 

5 

2.90 
2.92 

2.91 

1.46 

7.1 

9 

1.86 

5 

3.98 
4.02 

4.00 

1.33 

6.5 

Loam  soil,  poor  in  humus  (B)  (strong  acid  reaction) 


5 

4.6 

3 

0.66 
0.72 

0.69 

0.41 

0.45 

10 

9.2 

3 

1.23 
1.25 

1.24 

0.37 

0.40 

20 

18.4 

3 

2.09 
2.09 

2.09 

0.31 

0.34 

10 

9.2 

5 

1.29 
1.29 

1.29 

0.39 

0.42 

5 

4.6 

7 

0.78 
0.76 

0.77 

0.46 

0.50 

10 

9.2 

7 

1.34 
1.30 

1.32 

0.40 

0.43 

20 

18.4 

7 

2.29 
2.29 

2.29 

0.34 

0.37 

*  Here,  and  in  the  following  investigations,  "dry"  applied  to  peat  soils  means  "oven- 
'dry,"  applied  to  field  soils,  "air-dry." 

t  Here  and  later,  after  correction  has  been  made  for  content  of  water  in  the  soil. 
X  Due  to  an  oversight  the  reaction-time  was  20  minutes  too  long. 
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small  importance,  even  though  when  larger  quantities  of  peat  are  used,  there 
is  a  distinct  difference  between  a  three  and  a  five-hour  reaction-time;  in 
high-bog  peat,  specimens  A  and  C,  increasing  the  reaction-time  has  annulled 
the  difference  in  amounts  of  acid  freed,  caused  by  using  various  quantities 
of  soil.  In  high-bog  peat,  specimen  B,  the  amount  of  acid  freed  is  just  as 
large  after  a  three-hour  as  after  a  five-hour  reaction-time,  and  this  experi- 
ment merely  expresses  the  variations  caused  by  the  differences  in  the  amoimt 
of  peat  used.  However,  these  variations  are  comparatively  small,  not  only 
here  but  also  in  other  specimens  of  high-bog  peat  examined. 

Low-bog  peat  C  is  a  clear  example  of  a  type  of  soil  in  which  the  relation 
between  the  amoimts  of  soil  and  of  calcium  acetate  solution  lias  no  influence 
on  the  amount  of  add  freed,  which,  on  the  other  hand,  is  largely  determined 
by  the  length  of  the  reaction-time.  As  appears  in  table  1  (series  2)  the  vari- 
ous amoimts  of  peat  (from  0.54  gram  to  3.25  grams  of  dry  peat  soil)  used  have 
freed  an  equally  large  amount  of  acid  per  weight  unit  during  the  various 
reaction-times.  The  same  experiment  also  proves  that  even  a  reaction-time 
of  five  hours  was  insuflGicient  to  complete  the  base-absorption,  for  during  an 
additional  two  hours  a  very  appreciable  increase  in  the  amoimt  of  add  freed 
was  observed.    (A  further  discussion  of  this  will  follow  later.) 

In  low-bog  peat  D  it  was  apparent  that  in  a  three-hour  reaction-time 
approximately  the  same  amoimt  of  acid  was  freed  per  weight  imit  of  peat, 
even  though  the  amount  of  peat  used  varied  between  0.61  gram  to  4.9  grams 
of  dry  soil.  If  the  reaction-time  was  increased  to  five  hours  in  all  the  samples 
of  peat  examined,  the  amount  of  add  freed  was  likewise  found  to  increase, 
but  the  amount  varied  greatly  in  the  various  samples.  This  spedmen  of 
low-bog  peat  acts  otherwise  than  specimen  A  from  the  same  bog  and  which 
freed  the  same  amount  of  add  even  when  the  reaction-time  was  increased 
(over  three  hours),  and  the  amount  of  peat  varied. 

In  the  case  of  silt  soil  no.  12,  and  the  two  loam  soils,  both  the  amount  of 
soil  used  and  the  reaction-time  have  influenced  the  extent  of  add  freed. 

In  loam  soil  A  an  increase  in  the  reaction-time  from  three  to  five  hours 
was  suffident  to  almost  entirely  eliminate  the  difference  in  amount  of  acid 
freed  caused  by  using  various  amounts  of  soil.  This  was  not  true  in  loam 
soil  B,  for  after  a  period  of  seven  hours  the  difference  was  still  very  apparent. 
On  account  of  the  limited  power  of  this  soil  to  free  add,  the  differences  in 
amount  of  add  freed  during  the  reaction-times  tested  and  with  the  smaller 
quantities  of  soil  used  are  so  small  that  the  titration  method  in  use  is  power- 
less to  determine  them  exactly.  Yet  the  absolutely  as  well  as  relatively  ap- 
preciable difference  in  add  freed  per  weight  unit  of  soil  between  the  largest 
amount  of  soil  (20  grams),  and  the  smaltest  amoimt  (5  grams)  used,  indicates 
positively  that  in  this  type  of  soil,  in  contrast  with  loam  soil  A,  the  amount 
of  acid  freed  is  more  largely  determined  by  the  amount  of  soil  used  than 
by  the  length  of  the  reaction-time. 

In  order  to  illustrate  further  the  extent  to  which  the  freeing  of  add  is  de- 
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tennined  by  the  reaction-time,  the  experiments  referred  to  in  table  2  were 
made,  and  using  the  same  quantity  of  soil  the  reaction-time  was  varied  within 
very  wide  limits.  In  some  of  the  experiments  the  same  soil  was  used  as  in 
the  experiment  just  referred  to  (table  1). 

If  in  series  1,  table  2,  we  examine  the  relation  between  humus  soils  and  their 
reaction  time,  we  see  that  in  high-bog  peat  add  is  freed  much  more  quickly 
than  in  low-bog  peat.  When  one-eighth  of  an  hour  has  passed  the  add  freed 
from  high-bog  peat  has  attained  70  per  cent  of  the  total  amount  of  add  freed 
during  the  ten-hour  reaction-time;  whereas  low-bog  peat  from  Tyktrup  and 
low-bog  peat  from  Gelleruplund  yield  in  the  same  time  32  and  29  per  cent, 
respectively. 


^  II 


^/^'iaoQ ptat  from  /(ef<Jcie/*fo^-^o^- 


^rr 
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Fig.  2.  Diagram  Showing  the  Inflttence  of  the  Reaction-Tuce  on  the  Abiuty  o? 
Vaxiotts  Soils  to  Fkee  Acm  from  a  Calcium  Acetate  Solution 

Base-absorption  by  low-bog  peat  is  particularly  slow  and  is  only  approxi- 
mately brought  to  an  end  after  eight  hours.  In  high-bog  peat,  silt  soil  and 
loam  soil  the  reaction  is  approximately  ended  after  five  hours  have  passed. 

It  is  especially  interesting  to  note  that  base-absorption  by  high-bog  peat  B 
is  quite  independent  of  the  quantity  of  peat  used,  for  relatively  speaking, 
almost  the  same  amount  is  absorbed  whether  12  grams  of  peat  are  used  or 
6  grams.  The  specimen  of  high-bog  peat  under  discussion,  belongs,  there- 
fore, to  that  type  of  soil  in  which  the  relation  between  the  amount  of  so3 
and  the  salt  solution  is  of  subordinate  importance  in  the  amount  of  add 
freed,  and  differs  from  high-bog  specimen  A  previously  examined  and  coming 
from  the  same  bog  (see  table  1).  In  the  latter  case  the  amount  of  peat  used 
exerted  not  a  great,  but  yet  a  very  distinct  influence  on  the  degree  of  add 
freed. 

In  figure  2  is  a  diagram  showing  the  relation  between  the  reaction-time 
and  the  base-absorption  in  the  various  soils  examined. 
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TABLE  2 

Influence  of  the  reactum4ifnc  on  the  ability  of  ike  sail  to  free  add,  the  amount  of  soil  used  being 

constant 

Series  1 


KBAcnov-rna 

m  HOURS 


ACm  FKXBD,  EXPRBBSKD  IK  CUBIC  CXNTIXBTS£8  1/10  N  ACID 


Per  100  cc.  liquid 


Retort  a  Retort  b  Average 


Per  Igram 
moist  Boil 


Per  1  gram 
dry  soil 


High-bog  peat  B  from  "Knudemose"  (strong  acid  reaction);  6  grams  fresh,  moist  peat  soil 
(0.88  gram  dry  soil)  used  in  each  retort 


} 

2.29 

2.22 

2.26 

1.13 

7.71 

i 

2.64 

2.41 

2.53 

1.27 

8.63 

i 

2.53 

2.66 

2.65 

1.33 

9.04 

1 

2.93 

3.03 

2.98 

1.49 

10.17 

2 

3.09 

2.64 

(2.92)* 

(1.46)* 

(9.97)* 

3 

2.95 

3.11 

3.03 

1.52 

10.34 

5 

3.21 

3.19 

3.20 

1.60 

10.92 

7 

3.27 

3.18 

3.23 

1.62 

11.02 

10 

3.25 

3.29 

3.27 

1.64 

11.16 

Same  high-bog  peat;  12  grams  fresh  moist  peat  soil  (1.76  grams  dry  soil)  used  in  each  retort 


i 

4.72 

4.89 

4.81 

1.20 

8.19 

i 

5.18 

(3.43)t 

1.30 

8.82 

4 

5.97 

5.68 

5.83 

1.46 

9.93 

1 

5.70 

5.30 

5.50 

1.38 

9.37 

2 

5.89 

5.49 

5.69 

1.42 

9.69 

3 

5.91 

5.79 

5.85 

1.46 

9.97 

5 

6.20 

6.26 

6.23 

1.56 

10.61 

7 

6.41 

6.35 

6.38 

1.60 

10.87 

Low-bog  peat  D  from  Tybtrup  (strong  acid  reaction);  8.14  grams  fresh,  moist  peat  (2.447 
grams  diy  soil)  used'  in  each  retort 


i 

1.85 

0.66 

2.27 

i 

2.28 

2.26 

2.27 

0.81 

2.78 

i 

2.38 

2.34 

2.36 

0.84 

2.89 

1 

3.41 

3.20 

3.31 

1.18 

4.06 

3 

4.39 

4.47 

4.43 

1.58 

5.43 

5 

5.15 

5.15 

5.15 

1.82 

6.31 

7 

5.40 

5.48 

5.44 

1.94 

6.66 

10 

5.68 

5.74 

5.71 

2.04 

7.00 

Low-bog  peat  C  from  Gelleruplund  (acid  reaction);  9  grams  fresh,  moist  peat  (2.439  grams 

dry  soil)  used  in  each  retort 


i 

1.32 

1.15 

1.24 

0.41 

1.53 

i 

1.34 

1.40 

1.37 

0.46 

1.69 

i 

1.79 

1.85 

1.82 

0.61 

2.24 

1 

2.33 

2.27 

2.30 

0.77 

2.83 
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TABLE  2  (Cont.) 


REAcnoN-mc 
XM  Bonss 


ACID  raXH>,  SXPUBSSBD  IN  CUBIC  CSNTXiaTKU  1/10  N  ACID 


Per  100  cc.  liquid 


Retort  a        |        Retort  b 


Average 


Per  1  gram 
moist  aoil 


Per  Igram 
drysoii 


Low-bog  peat  C  from  Gelleruplund  (add  reaction)  9  grams  fresh,  moist  peat  (2.439  grams 
dry  soil)  used  in  each  retort 


2 

2.76 

2.82 

2.79 

0.93 

3.43 

4 

3.41 

3.42 

3.42 

1.14 

4.19 

6 

3.75 

3.75 

3.75 

1.25 

4.61 

8 

4.10 

4.06 

4.08 

1.36 

5.02 

10 

4.20 

4.18 

4.19 

1.40 

5.15 

11 

4.28 

1.43 

5.26 

Silt  soil  no.  12  (add  reaction);  6  grams  fresh  moist  soil  (1.24  gram  dry  soil)  used  in  each 

retort 


i 

1.92 

1.78 

1.85 

0.93 

4.48 

i 

2.02 

2.30 

2.16 

1.08 

5.21 

1 

2.41 

2.45 

2.43 

1.22 

5.88 

3 

2.57 

2.63 

2.60 

1.30 

6.30 

5 

2.90 

2.92 

2.91 

1.46 

7.05 

7 

2.94 

2.94 

2.94 

1.47 

7.12 

10 

2.98 

3.08 

3.03 

1.52 

7.34 

Loam  soil  B  (strong  add  reaction);  10  grams  fresh  moist  soil  (»9.2  grams  air-dry  soil)  used 

in  each  retort 


t 

0.94 

0.96 

0.95 

0.31 

i 

0.98 

1.06 

1.02 

0.33 

4 

1.10 

1.14 

1.12 

0.37 

1 

1.18 

1.16 

1.17 

0.38 

2 

1.20 

1.26 

1.23     , 

0.40 

3 

1.24 

1.26 

1.25 

0.41 

5 

1.30 

1.30 

1.30 

0.42 

7 

1.36 

1.32 

1.34 

0.44 

High-bog  peat  from  "Knudemose"  (strong  add  reaction);  7.6  grams  fresh  moist  peat  (« 1 
gram  dry  soil)  used  in  each  retort 


Shaken    from 

time  to  time 

(usual  meth- 

od   of    pro- 

cedure) 

3 

3.35 

3.29 

3.32 

9.96 

5 

3.37 

3.39 

3.38 

10.14 

10 

3.43 

3.45 

3.44 

10.32 

20 

3.48 

3.52 

3.50 

10.50 

Digitized  by 


Google 


DETERMINING  THE  REACTION  OP  SOILS 


137 


TABLE  2  (Cont.) 


SKACnON-mCB 

IN  Bomts 


»  IN  CUBIC  CBMUMBTBM  1/10  N  ACID 


Per  100  cc.  liquid 


Retort  a 


Retort  b 


Averafe 


Per  1  gram 
moist  aoil 


Per  1  gram 
dry  soil 


High-bog  peat  from  "Knudemose"  (strong  add  reaction)  7.6  grams  fresh  moist  peal  («1 
gram  dry  soil)  used  in  each  retort 


Unshaken 

3 

3.28 

3.27 

3.28 

9.84 

5 

3.33 

3.37 

3.35 

10.05 

10 

3.41 

3.39 

3.40 

10.20 

20 

3.52 

3.46 

3.49 

10.47 

Low-bog  peat  from  Gelleruplmid  (reaction  midetermined);  6  grams  fresh  moist  peat  ("b1.5 
gram  dry  soil)  used  in  each  retort 


Shaken    from 

time  to  time 

3 

2.31 

2.37 

2.34 

4.68 

5 

2.57 

2.59 

2.58 

5.16 

10 

3.12 

3.12 

3.12 

6.24 

20 

3.18 

3.06 

3.12 

6.24 

19t 

TTnelmlrAn 

3.10 

3.16 

3.13 

6.26 

unsnaKen 
3 

2.22 

2.12 

2.17 

4.34 

5 

2.47 

2.45 

2.46 

4.92 

10 

2.80 

2.88 

2.84 

5.68 

20§ 

3.06 

3.08 

3.07 

6.14 

19t 

3.00 

2.96 

2.98 

5.96 

Qay  soil,  poor  in  humus  (add  reaction) ;  1 1 .55  grams  fresh  moist  soil  ( — 10  grams  air-dry  soil) 

used  in  each  retort 


Shaken    from 

time  to  time 

3 

1.27 

1.3i 

1.29 

0.387 

5 

1.39 

1.37 

1.38 

0.414 

10 

1.55 

1.51 

1.53 

0.459 

19 

1.51 

1.53 

1.52 

0.456 

Unshaken 

3 

1.14 

1.04 

1.09 

0.327 

5 

1.20 

1.20 

1.20 

0.360 

10 

1.27 

1.27 

1.27 

0.381 

19 

1.47 

1.47 

1.47 

0.441 

*  On  account  of  a  very  considerable  difference  in  the  results  of  the  duplicate  determina- 
tions, presumably  due  to  a  flagrant  error,  the  correctness  of  the  average  is  to  be  disputed. 

tThe  cause  of  this  low — and  presumably  incorrect — ^figure  is  unknown.  No  account 
has,  therefore,  been  made  of  this  figure  in  computing  the  results  per  weight  measure. 

{  Set  aside  a  few  days  later. 

§  After  standing  quietly  for  about  19  hours,  the  retorts  were  inadvertently  shaken  a 
single  time. 
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In  the  last  section  of  table  2  axe  the  results  of  an  examination  of  three  dif- 
ferent kinds  of  soils  (high-bog  peat,  low-bog  peat,  and  loam  soil),  in  which  the 
reaction-time  varies  from  three  to  twenty  hours.  At  the  same  time  the  im- 
portance of  shaking  the  retorts  during  the  reaction-time  has  been  tested.  In 
the  first  part  of  the  experiment  the  retorts  were  shaken  hard  quite  often^® — 
about  every  fifteen  minutes;  in  the  second  part  of  the  experiment  the  soil 
and  the  liquid  were  thoroughly  shaken  together  immediately  after  being 
placed  in  the  retorts,  and  again  just  before  being  filtered;  in  the  interim  the 
retorts  stood  quietly  on  a  shelf. 

In  agreement  with  the  tests  referred  to  in  the  first  section  of  table  1,  we  find 
that  the  reaction  between  soil  and  calcium  acetate  solution  ceases  after  a 

TABLE  3 
InvesUgaUons  of  the  influence  exerted  by  vaHous  amounts  of  calcium  acetate  solution  on  the 


ability  of  a  certain  amount  of  soil  to  free  acid  {reactioniime  five  hours) 

AMOUMT  or 

TATB  BOLUnOM 
XM  CUS1C 

CBHTUfsmfl 

ACID  FRXID  BXPRSaSn  Df  CUBIC  CBNTDIBIXBS  1/10  N  ACD 

OSAID  OV  DRY 

8UB8TAMCB 

Per  100  cc.  liquid 

Perl  gram  of 
diysoil 

Retort  a 

Retort  b 

Avenge 

High'bog  peat 


1 

200 

4.99 

4.95 

4.97 

9.94 

1 

300 

3.37 

3.39 

3.38 

10.14 

1 

400 

2.58 

2.58 

2.58 

10.32 

Low-bog  peat 


14 

200 

3.73 

3.67 

3.70 

4.93 

li 

300 

2.57 

2.59 

2.58 

5.16 

14 

400 

2.03 

1.99 

2.01 

. 

5.36 

14 

500 

1.64 

5.47 

Loam  soil 


10 

200 

1.95 

1.91 

1.93 

0.386 

10 

300 

1.39 

1.37 

1.38 

0.414 

10 

400 

1.12 

1.12 

1.12 

0.448 

period  of  about  ten  hours.  Shaking  the  retorts  has  had  no  especial  influence 
on  high-bog  peat.  In  the  case  of  low-bog  peat,  this  action  has  caused  an 
appreciable  increase  in  the  amoimt  of  acid  freed  in  the  reaction-times  three, 
five  and  ten  hours,  but  in  the  longest  reaction-time  (twenty  hours),  the  differ- 
ence has  almost  entirely  disappeared. 

Table  3  shows  the  results  of  an  absorption-experiment  in  which  the  amount 
of  soil  is  kept  constant,  while  the  amount  of  caldum-acetate  solution  is  varied. 
In  this  test  the  same  soils  are  used  as  in  the  one  last  mentioned. 

^°  In  the  case  of  the  longest  reaction-time  the  retorts  were  shaken  only  during  the  first 
four  to  five  hours  and  the  last  four  to  five  hours  before  filteiing.  In  the  intervening  interval 
they  remained  und&turbed. 
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We  find  that  the  greatest  amount  of  acid  is  freed  per  weight  unit  of  soil 
when  the  greatest  amount  of  solution  is  used.  The  results  agree,  as  wis  also 
to  be  expected,  with  those  obtained  from  the  tests  previously  mentioned,  in 
which  quantities  of  soil  of  varying  weight  were  used  with  the  same  amount  of 
calcium-acetate  solution. 

In  order  to  judge  the  results,  we  will  express  the  amount  of  acid  freed 
in  relation  to  that  value  found  when  400  cc.  of  the  solution  is  used.  Expressed 
thus,  the  difference  between  the  acid  freed  in  200  cc.  of  the  solution  and  in 
400  cc.  of  the  solution  is,  for  high-bog  peat  3.7  per  cent,  for  low-bog  peat  8 
per  cent,  and  for  loam  soil  13.8  per  cent.  The  difference  in  amount  of  acid 
freed  when  300  cc.  and  400  cc.  are  used  is  1.7  per  cent,  3.7  per  cent  and  7.6 
per  cent,  respectively. 

The  iofluence  of  the  amoimt  of  the  solution  used  is  greatest  in  the  case  of 
the  loam  soil.    There  appears  here  to  be  a  considerable  difference  in  the  amount 


Fig.  3.  Apparatus  for  Determining  the  Acidity  of  the  Soil  Accosding  to  the  Tacke- 

St^CHTiNG  Method 

of  add  freed  according  to  whether  300  cc.  or  400  cc.  of  the  solution  is  used.  In 
the  case  of  both  the  humus  soils,  approximately  the  maximum  amount  of 
add  is  freed  in  the  given  reaction-time  when  300  cc.  of  the  solution  is  used. 
A  test  has  been  made  in  which  500  cc.  of  solution  was  used  with  the  last- 
named  peat,  but  this  increase  in  the  amount  of  the  solution  gives  no  appre- 
ciable change  in  the  add  freed. 

As  mentioned  before.  Gully  (16),  in  his  latest  work  in  investigating  the 
ability  of  sphagnum-peat  to  free  add,  has  suggested  using  3  grams  of  air- 
dry  peat  with  250  cc.  of  10  per  cent  caldum  acetate  solution  in  a  reaction- 
time  of  three  hours.  When  the  relation  between  the  amoimt  of  peat  and  the 
amount  of  solution  is  so  close,  this  reaction-time  is  sometimes  insuffident, 
especially  when  an  approximately  absolute  expression  of  the  ability  of  high- 
bog  peat  to  free  add  in  calcium  acetate  solution  is  to  be  obtained.  According 
to  the  investigations  referred  to  in  table  2,  in  which  the  relation  between  the 
amount  of  peat  and  the  amoimt  of  solution  has  been  far  wider  than  Gully 
suggested,  base-absorption  from  high-bog  peat  is  only  approximately  com- 
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plete  after  five  hours  have  elapsed.  Judging  further  from  the  results  shown  in 
table  1,  it  is  not  usually  advisable  to  use  more  of  this  nor  of  any  other  peat 
soil,  than  corresponds  to  0.5  to  0.75  gram  of  dry  peat  with  300  cc.  of  solution. 
Investigations  ^ow  that  for  low*bog  peat  and  silt-soil  a  three-hour  reaction- 
time  is  quite  insufficient.  Finally,  in  order  to  express  in  exact  figures  the 
ability  of  mineral-soils  to  free  acid,  we  must  use  much  larger  quantities  of 
soil.  When  the  reaction-time  is  increased  to  at  least  five  hours  we  could, 
judging  by  the  results  of  the  experiments  at  hand,  advantageously  use  about 
10  grams  of  soil  to  300  cc.  of  solution. 

A  wholly  satisfactory  expression  of  the  power  of  the  soil  to  free  add  from 
salts  can,  however,  be  obtained  only  by  varying  the  relation  between  the 
amount  of  soil  and  the  amount  of  solution.  This  method  seems  especially 
advisable  when  we  are  dealing  with  mineral  soils.  Reference,  too,  should  be 
made  to  the  calcium-acetate  method  for  determining  the  ability  of  the  soil 
to  free  acid  tested  by  investigations,  and  following  later  (p.  149). 

b.  Investigations  of  the  variations  in  the  ability  of  soils  to  free  acid  from 
calcium  acetate,  and  the  influence  which  air-drying  exerts  on  this  ability. 
Taking  for  granted  that  the  ability  of  the  soil  to  free  add  from  acetates,  is 
chiefly  determined  by  surface  effects,  there  might  be  reason  to  suppose  that 
drying  the  soil  (due  to  the  presence  of  non-reversible  colloids),  might  cause  a 
diminution  of  the  soil-surface,  and  therefore  of  the  power  of  the  soil  to  adsorb 


To  throw  further  light  on  the  question  the  investigations  referred  to  in 
tables  4  to  6  were  made.  They  indude  both  humus  and  field  (mineral) 
soils. 

All  the  soil-specimens  were  examined  both  in  their  original  moist  condition, 
and  after  being  rendered  air-dry.  Duplicate  determinations  were  generally 
made,  the  method  being  as  follows.  The  soil  was  simultaneously  weighed  oS 
into  lour  retorts.  Two  of  these  were  immediately  fiilled  with  300  cc.  of  cal- 
dum-acetate  solution,  while  the  two  remaining  were  first  used  when  the  soil 
in  them  had  been  in  an  air-dry  condition  during  a  longer  or  shorter  period 
(varying  from  a  few  days  to  several  weeks). 

At  the  time  at  which  these  tests  were  made,  the  investigations  of  the  re- 
action-time mentioned  above  had  been  brought  only  to  a  temporary  con- 
clusion. As  these  investigations,  as  we  have  said  before,  seemed  to  indicate 
that  a  five-hour  reaction-time  (a  reasonable  quantity  of  soil  being  used)  was 
sufficient  for  attaining  the  approximately  maximum  amount  of  acid  freed, 
this  reaction-time  was  chosen.  Later  investigations  showed  that  this  is  in- 
suffident  for  some  humus  soils,  and  therefore  the  results  in  table  4,  are  not 
in  every  instance  absolute.  However,  they  can  doubtless  express  approxi- 
mately the  influence  of  air-drying  on  the  ability  of  the  soil  to  free  add  from 
acetates  and  the  variations  in  that  ability. 

If  we  look  first  at  section  1,  table  4,  which  contains  results  of  tests  made 
with  raw  peat  soils,  we  see  that  here  there  is  a  comparatively  small  difference 


Digitized  by 


Google 


DETERMINING  THE  REACTION  OP  SOILS  141 

between  the  ability  of  peat  soil  to  free  acid  from  calcium  acetate  before  and 
after  air-drying.  Yet  the  results  contain  the  suggestion  that  high-bog  peat 
and  low-bog  peat  respond  differently  to  air-drying,  for  two  of  the  three  high- 
bog  peat  samples  examined  showed  a  little  smaller,  and  both  of  the  low-bog 
peat  samples  examined  a  greater  ability  to  free  add  when  air-dry  than  when 
in  their  original  fresh  moist  condition. 

Results  from  the  second  section  of  the  table  show  likewise  that  air-drying 
has  in  the  case  of  low-bog  peat  caused  an  appreciable  increase  in  the  amount 
of  acid  freed.  However,  the  three  humus  soils,  marked  "silt  soils  (nos.  12, 
4  and  5),  show  a  different  result,  for  air-drying  has  to  a  great  extent  diminished 
their  power  to  free  add. 

As  silt  soils,  in  contrast  to  peat  soils,  dry  into  very  hard  lumps,  it  seemed 
possible  that  some  of  the  soil  in  these  lumps  was  never,  or  in  any  case,  for  an 
insuffident  length  of  time,  subjected  to  the  influence  of  the  caldum  acetate 
solution.  Therefore,  tests  were  made,  referred  to  in  table  5,  in  pulverizing 
the  soil  in  a  mortar  before  placing  it  in  the  retort. 

As  the  table  shows,  this  precaution  has  entirely  changed  the  relation. 
Now  the  air-dry  samples  show  themselves  capable  of  freeing  considerably 
more  add  than  the  fresh  moist  samples,  and  in  all  three  instances  the  dif- 
ference is  far  greater  than  in  the  case  of  any  of  the  low-bog  peat  samples  cited 
in  table  4. 

The  variation  in  the  ability  of  humus  soils  to  free  acids,  is,  as  table  4  indi- 
cates, very  large  (from  2.2  to  12.7  cc.  of  1/10  N  add  per  gram  of  air-dry 
soil).  This  variation  is  not  only  due  to  a  varying  content  of  mineral-soil, 
but  also  to  a  difference  in  the  quality  of  the  humus  materials  themselves. 
Low-bog  peat  generally  possesses  a  much  smaller  ability  to  free  acid  than 
high-bog  peat — due  perhaps  to  the  fact  that  the  former  humus  form  is  much 
richer  in  bases  (especially  lime)  than  the  latter. 

As  has  been  described  in  greater  detail  in  a  previous  paper  (11),  the  upper 
layer  of  peat  (to  a  depth  of  30  cm.),  in  high-bog  peats  possesses  a  far  greater 
ability  to  free  adds  than  the  layer  of  peat  lying  just  below  it  (30  to  SO  cm.). 
This  difference  could  not  be  explained  by  a  difference  in  base-content,  for  the 
lower  layer  of  peat  was  poorer  in  lime  than  the  upper.  As  these  peat  speci- 
mens were  in  every  instance  pure  peat,  with  approximately  equally  large 
surface  (hygroscopidty,  determined  according  to  Mitscherlich  and  Rodewald). 
it  is  reasonable  to  infer  that  the  ability  of  high-bog  peat  to  free  add  is  not 
dependent  on  surface  effects  alone,  and  that  the  difference  in  this  ability  in 
the  two  layers  of  peat  is  due  to  a  varying  content  of  true  acids.  [See  further 
artide  (11),  p.  632.] 

For  the  results  of  the  tests  made  with  field  soils  (mineral  soils),  see  table  6. 

As  appears  from  the  last  column  in  this  table,  air-dr)ang  has  in  no  single 
instance  diminished  the  ability  of  the  soil  to  free  add,  but  has  in  each  case 
increased  that  ability  to  a  distinct  degree.  In  certain  instances,  especially 
in  the  case  of  soils  with  small  power  to  free  acid,  this  increase,  relatively  seen, 
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TABLE  4 
Inoestigaiions  of  the  ability  of  various  humus  soils  to  free  acids  both  when  fresh  and  moist  and  vhen 

air-dry  {reaction-time  five  hours) 


GXNXKAL  OONDRXON 
or  THE  SOIL 


8 
c 


ACn>  nZED,  SXFRESSBD  IN  CUBIC  CENTI- 
IfElBRS  1/10  N  ACID  U8IHO 


Fresh,  nM>lst  peat 
8oa 


Per  100  cc. 
liquid 


Air-dry  peat  aofl 


Per  100  cc. 
liquid 


fi 


I! 


It 
I 

19 


Series  1. 

Raw  Humus  Soils 

A 

High-bog  peat 
from-    "St. 
Vildmosc" 

None 

Strong 
add 

0 

3 

0.389 

1.76 
1.78 
1.76 

1.77 

13.6 

1.64 
1.64 
1.66 

1.65 

12.7 

+0.9 

n 

High-bog  peat 
from"Vejen 
Mose" 

0 

3 

0.487 

1.46 
1.46 

1.46 

9.0 

1.42 
1.40 

1.41 

8.6 

+0.4 

M.  D. 

High-bog  peat, 

— 

— 

0 

3 

0.333 

0.90 

0.90 

8.1 

0.94 

0.94 

8.5 

-0.4 

L. 

quite       un- 
humified 
sphagnum 
peat 

0.90 

0.94 

• 

B 

Low-bog   peat 
from  Tyktnip 

0 

3 

0.952 

2.16 
2.08 
2.20 

2.15 

6.8 

2.30 
2.36 
2.28 

2.31 

7.3 

-0.5 

C 

Low-bog  peat 
from  GcUer- 
uplund 

? 

? 

3 

0.687 

1.20 
1.20 

1.20 

5.2 

1.30 
1.18 

1.24 

5.4 

-0.2 

Series  2.  Cultivated  Humus  Soils 


12 

Peat       mixed 
with  silt  and 
ochre 

None 

Acid 

0 

5 

1.02 

2.07 
2.09 

2.08 

6.12 

1.60 
1.86 

1.73 

5.09 

+  1.03 

2 

Peat  soil  mixed 
with  sand 

— 

SlighUy 
acid 

0 

3 

1.18 

2.25 

5.72 

2.29 

5.82 

-0.10 

22 

Brownish  black 
peat  soil 

— 

Neutral 

1 

3 

0.97 

1.56 

4.83 

1.62 

5.02 

-0.19 

4 

Silt  soil 

Neutral— 
SlighUy 
add 

0 

5 

1.55 

2.22 

4.29 

1.53 

2.96 

+1.33 

1 

Black  peat  soil 
mixed    with 
sand 

Neutral 

2 

5 

1.86 

2.36 

3.82 

2.63 

4.25 

-0.43 

5 

Silt    soil,   not 
entirely  hu- 
mified 

Neutral— 
SlighUy 
add 

0 

6 

2.10 

2.46 

3.51 

1.93 

2.76 

+0.75 
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GSNXRAL  CONDITION 
OVTHKSOIL 


s 

QKAMSBOIL 
USED 

p 

< 

I 

I 

•I 

1 

b 

|B 

b 

< 

(tl 

Q 

ACID  FBXKD,  EXPKCSSED  IN  CUBIC  CBN- 
1/iO  N  ACID  USING 


Fresh,  moist  peat 
aoU 


Alr-diy  peat  soil 


Per  100  cc 
liquid 


Series  2.  Cultivated  Humus  Soils 


o 


15 


21 


Black  peat  soil 
mixed  with 
sand,  not 
entirely  hu- 
mified 

Black  peat  soil 
mixed  with 
sand 

Black  peat  soil 
mixed  with 
sand 


Neutral— 
slighUy 
alkaUne 

2 

5 

1.65 

1.83 

3.33 

1.81 

3.30 

Neutral 

4 

6 

2.50 

1.63 

1.96 

1.87 

2.24 

Neutral 

4 

5 

1.82 

1.30 

2.13 

1.40 

2.30 

+0.03 


-0.28 


-0.17 


TABLE  5 
InvesHgaUons  of  the  influence  of  air-drying  and  puherixation  on  the  abiUiy  of  silt  soils  to  free 
adds  {reaclion4ime  five  hours) 


12 


Grams  soil 
used 


I>4 


I 


5  0.877 


1.243 


1.575 


Add  freed,  expressed  in  cubic 
centimeters  1/10  N  add  using: 


Fresh  moist  soil 


Per  100  cc. 
liquid 


1.86 
1.86 

1.82 
1.86 

2.02 
1.98 


1.86 


1.84 


2.00 


6.37 


4.44 


3.81 


Air-dry  (lumpy) 


Per  100  cc. 
liquid 


1.32 
1.30 

1.32 
1.16 

1.54 
1.56 


1.31 


1.24 


1.55 


B8 


4.49 


3.00 


2.95 


lb 
si 


+1.88 


+1.44 


+0.86 


Grams  soil 
used 


Acid  freed,  ex- 
pressed in  cubic 
centimeters  1/10 
N  acid,  using  air- 
dry  and  pulver- 
ised son 


0.97 


1.37 


1.73 


0.837 


1.252 


1.586 


Per  100  cc. 
liquid 


2.10 
2.14 

2.08 
2.04 

2.42 
2.42 


2.12 


2.06 


2.42 


7.60 


4.94 


4.57 


T  •* 

if 

Q 


-3.11 


-1.94 


-1.62 


'i\ 


-1.23 


-0.50 


-0.76 
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is  very  considerable.  The  last  two  soils  mentioned  in  the  table,  nos.  1262  and 
136,  show  that  the  power  to  free  acid  is,  respectively,  two  and  four  times  as 
great  in  air-dry  as  in  moist  soil.  Air-drying  has  just  the  opposite  effect  on 
the  majority  of  humus  and  mineral  soils  from  what  we  expected  to  find  (see 
introduction,  p.  140). 

It  is  very  interesting  to  note  that  all  the  soils  examined,  even  those  effer- 
vescing strongly  for  acid  and  showing  a  strong  alkaline  reaction  for  litmus, 
possess  a  base-absorbing  power. 

In  his  "Bodenkunde,"  published  in  1911,  E.  Ramann  (21,  p.  242),  dis- 
tinguishes between  absorptively  un-satiurate  ("absorptiv  ungesattigte"),  and 
absorptively  saturate  ("absorptiv  gesattigte")>  soils.  In  the  first  group  he 
places  the  soils  hitherto  called  "add,"  and  he  defines  them  as  "soils  which 
are  capable  of  coloring  blue  litmus  paper  red,  and  freeing  acids  in  solutions  of 
neutral  salts."  In  the  second  group  he  places  those  soils  which  are  base- 
saturate,  and  therefore  incapable  of  absorbing  bases.  In  the  first  group 
Ramann  distinguishes  further  between  neutrally  reacting  soils,  which  are 
only  slightly  stable,  and  will  sooner  or  later  become  absorptively  unsaturate, 
and  alkaline  reacting  soils  (those  containing  carbonate  of  lime  or  ammonium 
carbonate). 

As  the  results  of  the  investigations  previously  mentioned  show,  the  prem- 
ises for  this  division  of  the  soils  are  incorrect,  for  we  find  that  not  only  soil 
with  an  acid  reaction  for  litmus,  but  also  those  with  a  neutral  or  alkaline  re- 
action, possess  the  ability  to  absorb  bases,  and  in  an  ordinary  litmus  test  the 
means  for  determining  whether  or  not  the  soil  is  "absorptively  saturate," 
are  wanting. 

The  fact  that  there  is  no  close  connection  between  the  ability  of  the  soil 
to  free  acid  from  calcium-acetate  and  its  relation  to  litmus  solution,  and  that 
soil  may  have  a  very  great  ability  to  free  acid  and  still  show  no  acid  reaction 
for  litmus,"  seems  to  suggest  that  the  red  color  does  not  appear  in  the  litmus 
solution  as  a  result  of  the  base-adsorption  of  negative  electrical  soil  colloids 
(which  Ramann,  in  agreement  with  the  opinion  expressed  by  Baim^mn  and 
Gully  insists),  but  must  be  considered  to  express  the  fact  that  the  soil  con- 
tains truly  acid  reacting  substances.  Here,  and  in  what  follows,  these  sub- 
stances are  to  be  understood  as  substances  which  in  solution  cause  a  greater  hy- 
drogens-ion concentration  than  would  correspond  to  the  value  10"''  [or  to  a 
hydrogen-ion  exponent  (Ph)  =  7]. 

The  author  of  the  present  article,  collaborating  with  O.  H.  Larsen  (10), 
has  made  investigations  of  the  methods  to  be  used  in  determining  the  lime- 
requirement  of  the  soil.    From  these  it  appeared  that  when  a  determination 

"  In  low-bog  peat  showing  a  neutral  reaction  for  litmus,  the  ability  to  free  acids  can, 
as  Table  IV  indicates,  be  almost  as  great  as  in  low-bog  peat  showing  acid  reaction  for  lit- 
mus. In  field-soils  many  examples  (table  6)  may  be  found  in  which  soils  with  neutral  re- 
action for  litmus  possess  a  greater  ability  to  free  acids,  than  soils  showing  a  decided  acid 
reaction  for  that  indicator. 
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had  been  made  of  the  reaction  of  the  soilior  litmus,  and  its  relation  to  Azoto- 
bacter,  we  possessed  a  comparatively  sure  means  of  determining  this  require- 
ment. As  the  results  here  given,  table  6,  show  there  is  no  definite  relation 
between  the  reaction  of  the  soil  or  its  power  to  cause  Azotohacter  develop- 
ment, and  its  ability  to  free  acid  as  measured  by  the  acetate  method,  it  is 
scarcely  probable  that  this  method  will  be  of  assistance  in  expressing  quanti- 
tatively, to  a  sufficiently  correct  degree,  the  lime-requirement  of  the  soil, 
or  as  Loew  (20,  p.  7)  in  mentioning  the  acetate  method  he  himself  recom- 
mends, expresses  it — of  the  need  for  that  amoimt  of  lime  necessary  for  neu- 
tralizing the  soil.  Whether  the  remaining  methods  which  have  been  sug- 
gested (see  further,  pp.  116, 123)  will  give  better  results,  must  for  the  present 
remain  doubtful.  In  any  case  it  is  incorrect  to  assume  that  the  values  foimd 
by  these  methods  for  expressing  the  ability  of  the  soil  to  absorb  bases  also 
express  quantitatively  the  degree  of  the  lime-requirement  of  the  soil,  an 
assumption,  which,  as  has  been  mentioned  before,  is  very  general. 

The  variation  in  the  ability  of  field  soils  to  free  acids  is  foimd  to  be  very 
great,  just  as  in  the  case  of  humus  soils.  In  fresh  moist  soils  the  figures  ex- 
pressing the  amoimt  of  acid  freed  per  imit  of  weight  vary  from  13.18  to  0.18, 
and  when  the  soil  is  air-dry  from  14.05  to  0.63.  As  table  6  indicates,  the  six 
soils  having  the  greatest  power  of  freeing  acid  show  an  acid  reaction  for  lit- 
mus, while  the  nine  soils  with  the  smallest  power  of  freeing  acid  show  an  alka- 
line reaction  for  litmus,  but  within  these  broad  limits,  as  I  have  said  before, 
there  is  no  connection  between  the  reaction  of  the  soil  for  litmus  (or  its  rela- 
tion to  Azotohacter)  and  its  power  to  free  acid  from  calcium  acetate. 

The  freeing  of  1  cc.  of  1/10  N  acid  per  gram  of  dry  soil  corresponds  to  the 
absorption  of  2  grams  of  calcium  per  kilogram  of  dry  soil.  If  we  estimate  that 
the  upper  20  cm.  of  the  field  soils  (the  ordinary  ploughed  layer)  contains 
2,400,000  kgm.  of  air-dry  soil  per  hectai^e,  and  assume  that  bases  are  absorbed 
by  the  soil  to  the  same  extent  as  in  the  retorts,  then  this  layer  has  the  power 
to  absorb  4800  kgm.  of  calcium  (equal  to  that  amoimt  of  calcium  found  in 
12,000  kgm.  of  carbonate  of  lime)  for  every  cubic  centimeter  of  1/10  N  acid 
which  1  gram  of  soil  is  able  to  free  from  the  calcium  acetate  solution. 

The  field  soil  having  the  greatest  power  to  free  acids  (no.  761,  table  6), 
wiU  under  the  given  conditions  absorb  lime  in  1.318  X  12,000  =  ca,  16,000 
kgm.  of  carbonate  of  lime  per  hectare  (or  a  corresponding  amount  of  other 
bases),  whereas  the  soil  with  the  smallest  power  to  free  acids  (no.  136),  will 
be  able  to  absorb  only  that  amoimt  of  lime  found  in  0.018  X  12,000  =  ca. 
200  kgm.  of  carbonate  of  lime  per  hectare. 

If  we  assume  further  that  raw  high-bog  peat  contains  220,000  kgm.  of 
dry  soil,  and  raw  fen  peat  400,000  kgm.  of  dry  soil  per  hectare  in  a  depth 
of  20  cm.  [c/.  statements  in  article  (11),  table  2,  p.  612]  the  amount  of  lime 
(estimated  as  carbonate)  which  this  layer  of  peat  can  absorb  per  hectare; 
will  in  the  case  of  the  peat  soils  mentioned  in  table  4,  series  1,  vary 
from  8820  to   14,960  and  10,400  to  13,600.    The  ability  of  the  raw  peat 
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TABLE  6 

Investigations  of  the  ability  of  various  field  soils  (mineral  soils)  to  free  acid  both  when  fresh  and 

moist,  and  it  hen  air-dry  (reaction4ime  five  hours) 


■•- 

d 

e 

' 

1 

M 
■ 

13 

S 

I 

i 

TIMKTKES  1/10  N  ACID  UUMO 

< 
i 

Fresh,  moist  soil 
(10  gm.) 

Air-dry  soil 

aSNICVAL  OOMDinOK 
OF  TBM  SOIL* 

ACID 
CBNCB 

RBACnON 

Per  100  cc. 
liquid 

•1 

Per  100  cc. 
liquid 

i 

s 

h 

H 

'B  o 

1 

o 

Is 

1 

i 

o 

1 

3.29 

< 

? 

¥ 

< 

|s 

761 

Loamy,     fine- 

None 

Add 

0 

24 

3.33 

13.16 

3.54 

3.56 

14.05 

-0.89 

grained  dark 

3.37 

3.58 

sandy  soil  (8) 

10 

Very  light  dark 

— 

Add 

0 

14 

2.51 

8.78 

2.51 

8.78 

*0 

sandy     soil, 

poorly  humi- 

fied (2) 

682 

Light      sandy 
soil,  poor  in 
humus  (2) 

Add 

0 

13 

2.02 
2.13 

2.08 

7.17 

1235 

Very         light 
coarse  grain- 
ed      sandy 
soil(l) 

Slightly 
add 

0 

23 

1.70 
1.72 

1.71 

6.66 

2.04 
2.10 

2.07 

8.06 

-1.40 

901 

Clay  soil  (7) 

— 

Add 

0 

17 

1.70 
1.74 

1.72 

6.22 

1259 

Sandy      loam 
soil,  poor  in 
humus  (4) 

SlighUy 
acid 

0 

7 

1.89 
1.82 

1.86 

6.00 

2.01 
2.10 

2.06 

6.65 

-0.65 

1260 

Loam  soil  (6) 

— 

Neutral 

4 

13 

1.77 
1.67 

1.72 

5.93 

2.11 
2.06 

2.09 

7.21 

-1.28 

775 

Light      sandy 
soil,     rather 
rich  in   hu- 
mus (4) 

SlighUy 
acid 

0 

12 

1.63 
1.67 

1.65 

5.63 

1.72 
1.72 

1.72 

5.86 

-0.23 

321 

Good      sandy 
soU(4) 

— 

Neutral 

? 

14 

1.52 
1.50 

1.51 

5.27 

1.80 
1.74 

1.77 

6.18 

-0.91 

1240 

rather    poor 
in  humus  (5) 

SHghUy 
add 

0 

10 

1.52 
1.47 

1.50 

5.00 

1.66 
1.66 

1.66 

5.53 

-0.53 

3 

Light        fine- 
grained 
sandy  soil  (3) 

Neutral 

0-1 

12 

1.46 

4.98 

1.78 

6.07 

-1.09 

13 

Good      sandy 
soil,  rich  in 
humus  ,(7) 

Neutral 

2 

22 

1.22 

4.69 

1.21 

4.65 

+0.04 
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TABLE  6  (Cont.) 

♦- 

ACID  nXED,  XXPUB8SKD  IN  CUBIC  CBN- 

s 

« 

1 

B 
S 

e 

Fresh,  moist  soil 
(10  gm.) 

Air-dry  aoilf 

o 

OBNSKAIi  CONDITION 
Oy  TT*  SOIL* 

Acm 

BWBKVBS- 

EEACnON 

< 

i 

M 

WAF'f 

Per  100  cc. 

b 

Per  100  cc. 

§ 

1 

CSNCE 

> 

e* 

liquid 

1 

liquid 

i 

i; 

I 

o 

•as 

1 

i 

2n= 

h 

^ 

i 

2a 

o 

B 

JSS 

&8 

|s 

g 

SS 

^ 

H 

< 

(^ 

H 

< 

(^ 

o 

1242 

T/ight      sandy 
soil,       very 
poor  in  hu- 
mus (1) 

Neutral 

1 

11 

1.29 
1.31 

1.30 

4.38 

1.53 
1.56 

1.55 

5.22 

-0.84 

17 

Tight      sandy 
soil,  poor  in 
humus, 
marled     for 
2  years  be- 
fore   sample 
was  taken  (2) 

Rather 
strong 

Neutral 

0 

7 

1.34 

4.32 

1.46 

4.71 

-0.39 

2662 

Clay  sofl  (6) 

None 

Add 

0 

11 

1.24 

4.18 

1.32 

4.45 

-0.27 

745 

Light      sandy 
soa(3) 

— 

Neutral 

0 

8 

1.27 
1.27 

1.27 

4.14 

1.47 
1.45 

1.46 

4.76 

-0.62 

744 

Light      sandy 
soil  (3) 

Neutral-- 
slightly 
add 

0 

9 

1.27 
1.22 

1.25 

4.12 

1.47 
1.42 

1.45 

4.78 

-p. 66 

727 

Clay  soil  (6) 

— 

Neutral 

3 

15 

1.16 
1.14 

1.15 

4.06 

1.16 
1.21 

1.19 

4.20 

-0.14 

14 

Good      sandy 
soil,     rather 
lidi   in   hu- 
mus (5) 

None 

Neutral— 
slightly 
alkaline 

4 

14 

0.94 

3.28 

1.03 

3.59 

-0.31 

786 

Sandy      loam 
soil  (5) 

Neutral— 
slighUy 
alkaline 

4 

14 

0.91 
0.94 

0.93 

3.24 

0.99 
1.01 

1.00 

3.49 

-0.25 

728 

Clay  soil  (7) 

— 

Neutral 

4 

13 

0.91 
0.86 

0.89 

3.07 

0.99 
1.01 

1.00 

3.45 

-0.38 

18 

light      sandy 
soil,  poor  in 
humus  (2) 

Neutral 

0 

15 

0.70 

2.47 

0.82 

2.89 

-0.42 

7 

Clay  soil,  rich 
in  humus  (12) 

None- 
very 
slight 

Alkaline 

4 

18 

0.68 

2.46 

1.11 

4.01 

-1.55 

16 

Verylight 
sandy     soil, 
poor  in  hu- 
mus (1) 

None 

Neutral 

0 

6 

0.76 

2.43 

0.83 

2.65 

-0.22 

9 

Loam  soQ  (6) 

Very 
slight 

Slightly 
alkaline 

4 

15 

0.62 

2.19 

0.68 

2.40 

-0.21 
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TABLE  6  (Cent.) 

H 

ACID  FRBBD.  EXPRESSED  IN  CUBIC  CEN 

«     g 

TIMETERS   1/10  N  ACID   USING 

< 

1 

Fresh,  moist  soil 
(10  gm.) 

Air-dry  soil 

z 

OBNSKAL  CONDITION 
or  THB  SOIL* 

ACID 
CFPERVES- 

REACTION 

g 

5 

H 

MABX 

Per  100  cc. 

t 

Per  1 00  cc. 

^ 

CENCE 

M 

liquid 

1 

liquid 

y 

3 

< 

1 

i 

h 

«  o 

1 

i 

2— 

si 

< 

s 

H 

< 

0. 

H 

< 

eu 

o 

11 

Light      sandy 
soil  (3) 

None — 
very 
slight 

SlighUy 
alkaline 

9 

0.64 

2.11 

0.77 

2.54 

-0.43 

773 

Dark       sandy 
soil,     rather 
rich   in  hu- 
mus (5) 

None 

SUghUy 
alkaline 

13 

0.56 
0.56 

0 

0.56 

1.93 

0.71 
0.81 

0.76 

2.62 

-0.69 

8 

Clay  soil  (7) 

Very 
slight 

Alkaline 

15 

0.52 

1.84 

0.52 

1.84 

*0 

790 

Clay  soil,  rich 
in  humus  (10) 

Very 
slight 

Slightly 
alkaline 

24 

0.46 
0.41 

0.44 

1.74 

0.76 
0.76 

0.76 

3.00 

-1.26 

800 

Dark      sandy 
soil,  rich  in 
humus  (7) 

Slight 

Alkaline 

31 

0.42 
0.38 

0.40 

1.74 

0.56 
0.56 

0.56 

2.43 

-0.69 

a 

Clay  son,  rich 
in  humus  (10) 

Strong 

Alkaline 

6 

0.44 

1.40 

1262 

Sandy      loam 
soil,  poor  in 
humus  (4) 

Slight 

Alkaline 

7 

0.28 
0.28 

0.28 

0.90 

0.62 
0.60 

0.61 

1.97 

-1.07 

736 

Clay  soil,  poor 
in  humus  (6) 

None 

Alkaline 

15 

0.07 
0.02 

0.05 

0.18 

0.23 
0.23 

0.23 

0.81 

-0.63 

*  The  figures  in  parentheses  indicate  the  degree  of  heaviness  of  the  soil. 

t  In  the  case  of  field  soils  the  percentage  of  water  is  determined  by  air-diying. 

ioils  to  absorb  bases  (estimated  per  cubic  measure)  is  not  greater  than  that  of 
"Several  fiield  soils. 

The  absorption  of  basic  substances  depends  naturally  on  their  being  ren- 
dered soluble.  Carbonate  of  lime  is,  for  the  most  part,  held  in  solution  by 
the  soil  water,  as  bicarbonate  of  lime.  The  lime  in  this  compound  is  doubt- 
less absorbed  very  quickly  by  the  soil — presumably  more  quickly  and  com- 
pletely than  when  it  appears  as  an  acetate.  Therefore  the  rapidity  with 
which  the  lime  is  absorbed  by  "non-base  saturate"  soil  is  more  than  probably 
dependent  on  how  soon  it  is  rendered  soluble.  This,  in  turn,  depends  on  the 
amoimt  of  moisture  in  the  soil  which  in  a  given  time  has  an  opportunity  of 
aflFecting  the  lime. 

The  author  has  previously  had  an  opportimity  of  making  investigations  in 
connection  with  field  experiments  under  the  leadership  of  F.  Kolpin  Ra\Ti, 
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(22)  at  the  Askov  Experiment  Station,  as  to  the  use  of  lime  as  a  preventive 
for  dub-root  {Plasmodeophora  brassicce).  In  the  loam  soils  used  it  was  found, 
that  lime  may  be  absorbed  very  quickly  from  carbonate  of  lime,  even  in  soils 
showing  a  neutral  reaction  for  litmus.  In  the  soils  which  in  1906  were 
treated  with  ca.  4000  kgm.  of  CaCOa  per  hectare  no  carbonates  could  be 
found  4i  years  later  imder  an  examination,  in  which  the  acid  test  was  used 
(sprinkling  the  soil  with  diluted  HCl).  Even  when  12,000  kgm.  of  CaCOs 
were  used  per  hectare,  after  the  same  length  of  time  had  elapsed,  only  a 
very  slight  effervescence  was  apparent  in  three  of  the  four  replicate  plots. 
By  the  acid  test  made  in  1911,  two  of  the  four  replicate  plots,  which  for  four 
years  (1902-1906)  received  an  annual  dose  of  ca,  3000  kgm.  of  CaCOs  per 
hectare — 12,000  kgm.  in  all — showed  only  a  slight  effervescence  when  acid 
was  added,  while  specimens  from  the  two  remaining  plots  showed  no  effer- 
vescence whatsoever.  As  this  acid  test  indicates  the  presence  of  very  small 
amoimts  of  carbonates  in  the  soil,  and  the  loss  of  carbonate  of  lime  by  wash- 
ing-out during  these  few  years  cannot  have  been  very  great,  these  results 
may  be  considered  an  indication  that  the  amount  of  calcium  absorbed  by  the 
soil  from  the  calcium  carbonate,  may  attain  quite  a  considerable  dimension 
within  a  comparatively  short  period  of  time.  In  regard  to  the  influence  of 
this  condition  upon  the  power  of  carbonate  of  lime  to  change  the  reaction  of 
the  soil,  see  the  paper  (22)  mentioned  above. 

Based  on  the  results  mentioned  before,  the  following  suggestion  for  a  method 
for  determining  the  power  of  the  soil  to  free  acids  from  calcium  acetate  is 
made. 

Into  a  retort  with  a  capacity  of  at  least  400  cc,  measure  off  300  cc.  of  calcium  acetate 
solution  (10  grams  of  calcium  acetate  to  100  cc.  of  distilled  water).  Place  in  the  retort 
fresh  moist  soil  specimens,  taking  of  pure  hiunus  soils  (i.e.,  unmixed  with  mineral  matter) 
as  much  of  the  finely  divided  mass  as  would  correspond  to  about  0.5  gram  of  oven-dry 
soil,  and  of  mineral  soils  (field  soils)  as  much  as  would  correspond  to  about  10  grams  of 
air-dry  soU.  The  reaction-time  must  be  at  least  ten  hours.^  During  the  first  and  last  part 
of  the  reaction-time  the  retorts  are  to  be  shaken  repeatedly.  As  to  methods  of  procedure 
for  filtering  and  titrating,  see  the  report,  page  123. 

When  especially  complete  and  accurate  information  as  to  the  ability  of  the 
soil  to  free  acid  is  wanted,  it  will  be  necessary,  as  we  have  mentioned  before, 
to  vary  the  relation  between  the  amoimt  of  soil  and  the  amoimt  of  solution. 
Of  peat  soils  two  different  quantities  might  be  used,  corresponding  to  0.5 
gram  and  2  grams  of  oven-dry  peat,  and  of  mineral  soils  two  quantities  corre- 
sponding to  10  grams  and  20  grams  of  air-dry  soil  (to  300  cc.  of  acetate  solu- 
tion).   As  the  results  of  the  duplicate  determinations  always  agree,  always 

*'  Even  though  a  reaction-time  of  ten  hours  based  on  the  investigations  already  made, 
might  seem  sufficient  to  attain  the  maximum  amount  of  acid  frecti,  yet  in  order  to  arrange 
laboratory  work  in  a  practical  way,  it  is  advisable  to  use  a  longer  reaction-time.  The  soil 
might  be  placed  in  the  retorts  about  2  hours  before  the  laboratory  is  closed.  The  retorts 
stand  over  night,  and  a  filtration  is  made  the  next  morning. 
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supposing  that  no  serious  errors  have  been  made,  a  repetition  of  the  investi- 
gation may  be  omitted,  especially  when  two  different  quantities  of  soil  have 
been  used,  for  the  results  here  obtained  control  each  other  to  a  certain  extent. 
The  results  of  the  investigations  are  given,  for  humus  soils  in  cubic  centi- 
meters of  1/10  N  add  per  gram  of  oven-dry  soil,  and  for  mineral  soils  in 
cubic  centimeters  of  1/10  N  acid  per  gram  (or  10  grams)  of  air-dry  soil,  for 
in  the  latter  case  the  amoimt  of  water  hygroscopically  boimd  is  so  small  that 
it  may  be  omitted  in  calculating  the  results. 

3,  Determination  of  the  ability  of  the  soil  to  free  acid  from  calcium-carbonate  by 
means  of  the  TackeSuchting  method 

The  principle  underlying  this  method  is  mentioned  on  page  116.  The 
apparatus  used,  shown  in  figure  3,  page  139,  corresponds  very  closely  to 
that  used  by  Tacke  and  Siichting  [and  described  by  Tacke  in  paper  (30)  ]. 
The  method  used  in  making  the  determinations,  whidi  also  for  the  most  part 
corresponds  to  that  used  by  the  two  scientists,  was  as  follows. 

Moist  soU,  finely  minced  in  a  meat-chopper,  is  placed  in  a  reaction-retort  («)  and  from- 
the  hydrogen-generating  apparatus  (6),  which  in  order  to  increase  the  hydrogen  pressure  is 
equipped  with  a  manometer-tube  (a)  with  mercury,  hydrogen  is  led  through  a  side  tube  into 
the  reaction  retort.  Before  the  hydrogen  reaches  this,  it  has  passed  through  two  wash- 
ing bottles  (c  and  d)  containing  strong  sulfuric  acid  and  strong  sodium  hydroxide,  respec- 
tively. The  combined  hydrogen  and  carbonic  acid  current  now  passes  from  the  reaction- 
retort  through  a  Pettenkofer  absorption  tube  (/),  containing  100  cc.  of  diluted  sodium  hy- 
droxide (ca,  1/10  N),  and  is  finally  led  off  into  a  beaker  (g)  half-full  of  water.  The  speed 
of  the  hydrogen  current  is  regulated  by  means  of  a  stop-cock  (A)  on  the  side-tube  of  the 
hydrogen-generating  apparatus.  The  agitator,  with  a  mercury  stopper,  is  driven  by  an 
electro-motor. 

The  peat  soil,  weighed  off,  is  placed  in  the  reaction-retort.  This  is  supplied  with  water 
[Tacke  (30,  p.  121),  mentions  that  the  retorts  are  half  filled  with  water],  and  a  not  too 
large  surplus  of  carbonate  of  lime  added.  After  an  elongation  of  the  tube  projecting  from' 
the  reaction-retort  has  been  placed  under  water  in  a  beaker,  a  hydrogen  current  (ca.  two 
bubbles  per  second)  is  passed  through  the  apparatus  in  order  to  drive  off  the  carbonic  add 
generated  by  the  action  of  the  carbonate  of  lime  on  the  peat  soils.  (This  according  to  Tacke 
and  SUchting  will  be  accomplished  after  two  hours.)  The  absorption  tube  is  now  nearly 
filled  with  ca  1/10  N  sodium  hydroxide,  atad  connected  with  the  apparatus.  Now  about 
50  cc.  of  20  per  cent  HCl  is  poured  through  the  tube  (A),  which  has  been  connected  with  a. 
separatory,  and  the  carbonic  acid  freed  from  the  remaining  carbonate  of  lime  is  conducted 
by  help  of  the  hydrogen  current,  and  under  continual  agitating  through  the  absorption- 
tube.  (According  to  Tacke  and  SUchting  a  hydrogen  current  for  an  hour  is  sufficient  to> 
drive  off  the  entire  amoimt  of  COs). 

While  Tacke  and  Stichting  have  determined  the  content  of  COj  in  the 
receiver  by  titrating  according  to  CI.  Winkler's  method  (adding  pure  bariun> 
chloride,  and  titrating  with  1/5  or  1/10  N  HCl,  using  phenolphthalein  as  an^ 
indicator),  here  the  f4)llowing  method,  which  is  very  easy  to  work  with,  has. 
been  used. 

From  the  100  cc.  of  sodium  hydroxide  in  the  Pettenkofer  tube,  take  40  cc. 
and  to  it  add  25  cc.  of  a  5  per  cent  barium  chloride  solution.    After  the  pre- 
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cipitated  barium  carbonate  has  been  removed  by  filtering,  SO  cc.  of  the  fil- 
trate should  be  taken  and  this  portion  titrated  with  HCl,  using  methyl- 
orange  as  an  indicator. 

65  X  100 
By  multipljnng  the  value  foimd  with  g^      ^  =  3.25  the  total  amount  of 

NaOH  in  the  Pettenkofer  tube  may  be  estimated,  and  by  subtracting  this 
amount  from  the  amoimt  of  NaOH  originally  present,  we  have  an  expression 
for  the  amount  of  COt  freed.  The  amount  of  NaOH  in  the  sodium  hydroxide 
solution  in  its  original  form  is  determined  in  a  similar  fashion.  One  cubic 
centimeter  1/10  N  NaOH  corresponds  to  0.0022  gram  of  CO2. 

TABLE  7 
Influence  of  the  amount  of  peat  used  upon  the  ability  to  free  COt 


▲MOUMT  OW 
PEAT 

AMOXTNT 

or 
watkk: 

IN  CUBIC 
CBNTX- 

AyOUNT 

ovCaCOi 
used: in 

QEAl^S 

GKAMS  or  COt 

OKAiisor 

Sin^e  determinations 

Average 

COtPB* 
10  OKAMB 

Fresh, 
moist 

Oven-dry 

PBAT 

a 

b 

c 

d 

c 

High-bog  Peat  A  (stirred  for  3  hours) 

10 

1.51 

415 

0.1747 

0.0151 

0.0138 

0.0162 

0.0160 

0.0162 

0.0155 

0.0155 

15 

2.27 

415 

0.2005 

0.0243 

0.0305 

0.0274 

0.0183 

;  20 

3.(J2 

415 

0.1959 

0.0384 

0.0385 

0.0385 

0.0193 

30 

4.53 

415 

0.2199 

0.0589 

0.0539 

0.0564 

0.0188 

High-bog  peat  B  (stirred  for  3  hours) 


10 
20 


1.47 
2.94 


200 
200 


0.1766 
0.2115 


0.0241 
0.0523 


0.0225 
0.0459 


0.0233 
0.0491 


0.0233 
0.0246 


The  investigations  of  the  Tacke-Siichting  method  aim  to  throw  light  on  the 
following  questions: 

1.  What  influence  may  varying  the  amount  of  peat  used  have  on  freeing 
CO2,  the  amoimt  of  water  being  kept  constant? 

2.  What  influence  may  varying  the  amount  of  water  used  have  on  freeing 
CO2,  the  amount  of  peat  being  kept  constant? 

3.  The  influence  of  the  reaction-time  on  the  freeing  of  CO2. 
The  results  of  the  investigations  may  be  seen  in  tables  7  and  8. 

If  we  first  turn  to  table  7,  we  see  that  the  results  give  no  indication  that  an 
increase  of  the  amount  of  peat  has  relatively  reduced  the  CO2  freed.  Quite 
the  contrary  is  true,  for  in  high-bog  peat  specimen  A  this  is  smallest,  when 
the  smallest  amount  of  peat  is  used.  In  high-bog  peat  specimen  B  approxi- 
mately as  large  an  amoimt  of  CO2  is  freed  per  weight  unit  of  peat  when  a 
smaU  amoimt  of  peat  is  used,  as  when  a  large  amount  is  used. 

Table  8  gives  the  results  of  investigations  as  to  the  influence  which  vary- 
ing the  amount  of  water  and  the  reaction-time  may  exert  upon  freeing  CO2, 
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and  here  there  is  a  much  greater  result  from  the  factors  tested  than  in  the 
investigations  mentioned  before. 

When  the  difference  between  the  amounts  of  peat  and  of  water  is  relatively 
small,  the  amount  of  CO2  freed  in  the  same  period  is  greater  than  when  the 
dijfference  is  large.  Moreover,  we  find  that  the  reaction-time  exerts  a  very 
great  influence  on  the  amount  of  CO2  freed,  and  that  this  influence  is  espe- 
cially apparent  when  the  largest  amount  of  water  is  used.  In  high-bog  peat 
specimen  A,  for  example,  more  CO2  is  freed  when  the  smallest  amount  of 
water  is  used  with  a  reaction-time  of  three  hours,  than  when  the  largest 

TABLE  8 
Influence  of  the  reaction-time  and  the  amount  of  water  used  upon  the  ability  to  free  COt 


REACTION 
TIMB  IN 
HOTJRS 


&BLATION 

BETWKBN 

AMOUNTS  OV 

SOIL  AND  WATER 


OVEN' 
DRY  PEAT 

used:  in 
0RAM8 


AMOUNT 

or  CaCOa 
used:  in 

ORAMS 


GRAMS  OV  COl 


Single  determinations 


I    ^    I 


Average 


High-bog  peat  A 


3 

10: 200 

1.51 

0.179 

0.0255 

0.0225 

0.0252 

0.0244 

4 

10:200 

1.51 

0.191 

0.0263 

0.0265 

0.0264 

1 

10:415 

1.51 

0.164 

0.0067 

0.0056 

0.0062 

2 

10:415 

1.51 

0.166 

0.0124 

0.0128 

0.0126 

3 

10: 415 

1.51 

0.175 

0.0162 

0.0151 

0.0138 

0.0162 

0.0160 

0.0155 

4 

10:415 

1.51 

0.165 

0.0198 

0.0192 

0.0195 

6 

10:415 

1.51 

0.200 

0.0236 

0.0223 

0.0230 

8 

10:415 

1.51 

0.211 

0.0252 

0.0211 

(?) 

Highrbog  peat  B 


2 

10.3:  100 

1.51 

0.202 

0.0271 

0.0226 

0.0249 

3 

10.3:400 

1.51 

0.201 

0.0255 

0.0248 

0.0253 

2 

10.3:200 

1.51 

0.169 

0.0225 

0.0188 

0.0207 

3 

10.3:200 

1.51 

0.178 

0.0270 

0.0263 

0.0267 

4 

10.3:200 

1.51 

0.185 

0.0273 

0.0283 

0.0278 

6 

10.3:200 

1.51 

0.194 

0.0314 

0.0318 

0.0316 

amount  of  water  is  used  with  a  six-hour  reaction-time.    In  the  latter  case 
CO2  has  not  totally  ceased  to  generate  even  when  six  hours  have  elapsed. 

The  investigations  made  with  high-bog  peat  specimen  B,  in  which  the 
amoimt  of  water  used  was  much  smaller,  seem  also  to  indicate  that  CO2  is 
freed  most  quickly  when  the  smallest  amount  of  water  is  used,  even  though 
this  result  does  not  appear  very  plainly  because  of  poor  agreement  in  the 
duplicate  determinations.  In  a  reaction-time  of  three  hours,  and  when  the 
largest  amoimt  of  water  is  used  (200  cc),  we  have  in  this  experiment  just  as 
great  an  amount  of  CO2  as  by  using  the  smallest  amount  of  water  (1(X)  cc). 
But  also,  when  so  moderate  an  amount  of  water  as  2(X)  cc.  is  used,  a  long  time 
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must  elapse  before  the  reaction  between  peat  and  lime  ceases,  for  even  after 
four  hours  CO2  is  still  being  generated. 

In  the  investigations  made  by  SUchting  (27),  using  two  different  speci- 
mens of  high-bog  peat,  a  two-hour  reaction-time  has  proved  quite  su£Bicient 
to  bring  the  reaction  to  an  end  (27,  p.  42).  This  result  is  opposed  to  the 
results  of  the  investigations  which  we  have  here.  For  instance,  from  table  8 
it  appears  that  in  high-bog  peat  nearly  twice  as  much  CO2  is  freed  after  six 
hours  have  passed,  as  after  two  hours,  and  that  the  amount  of  CO2  freed 
increases  gradually  with  the  length  of  the  reaction-time.  As  the  amoimt  of 
water  used,  as  well  as  the  reaction-time,  determines  the  amoimt  of  CO2  freed, 
it  must  be  admitted  that  in  this  investigation,  using  the  Tacke-Siichting 
method,  it  has  been  impossible  to  obtain  an  exact  expression  of  the  ability 
of  the  soil  to  free  CQ2  from  CaCQj.  The  author  is  unable  to  explain  the  great 
difference  between  Siichting's  results  and  those  given  here.   However,  for  the 

TABLE  9 
Investigations  of  the  time  required  far  airing  with  hydrogen 


i 

OKAM8  OV  COl  AFTER 

AIRING  WITH  HYDROGEN 

»OR 

DOTRRBNCE  BE- 
TWEEN  AIRING 

DIFFERENCE  BE- 
TWEEN AIRING 
FOR  3  HOURS 

A 

3  HOURS 

AND  5  HOURS 

RBULTION 

8 

BKTWSBN 

c« 

FBAT  T78H) 

AMOUNTS  or 

u 

'S'gS 

'S'SS 

PEAT  AND 
WATSR  rSBD 

»4 

p 

s 

d-s 

n 

1 

1 

i 

ScSS 

i 

go's 

- 

«n 

iO 

0 

&4 

0 

eu 

High-bog  peat  A. . . . 

10: 415 

0.1741 

0.0435 

0.0604 

0.0169 

38.9 

High-bog  peat  A.... 

10;  415 

0.1778 

0.0618 

0.0673 

i 

0.0055 

8.9 

High-bog  peat  B.... 

10.3:200 

0.1780 

0.0520 

0.0541 

0.0021 

4.0 

present,  he  will  limit  himself  to  stating,  that  the  two-hour  reaction-time  sug- 
gested by  Tacke  and  Suchting  is  in  any  case  far  too  short  to  bring  the  reac- 
tion between  high-bog  peat  and  carbonate  of  lime  to  a  complete  close,  and  that 
in  the  investigations  made  here,  as  well  as  in  those  applied  to  the  calcium 
acetate  method,  before  mentioned,  the  length  of  the  reaction-time  to  a  far 
greater  extent  than  the  amount  of  peat  used  appears  to  determine  the 
amount  of  add  freed  per  weight  unit  of  peat. 

Nor  has  it  been  possible  to  confirm  Siichting's  results  in  regard  to  the  time 
necessary  for  bringing  into  the  receiver  the  entire  amoimt  of  COt  freed  by  the 
addition  of  HCl.  According  to  Siichting's  investigations,  after  hydrogen  has 
been  conducted  through  the  apparatus  for  an  houx  no  more  CO2  passes  into 
the  receiver,  while  according  to  our  investigations  no  such  constant  results 
have  been  attained.  By  using  a  comparatively  large  amount  of  water,  the 
difference  between  the  amount  of  CO2  collected  after  hydrogen  has  been  con- 
ducted for  one  and  three  hours  is  so  great,  that  it  must  to  a  large  extent  be 
due  to  the  fact  that  the  first-named  period  was  insufficient  for  driving  the 
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amount  of  COj  freed  from  calcium  carbonate  into  the  receiver,  whereas  the 
comparatively  small  differences  in  the  amount  of  CO2  after  hydrogen  has  been 
conducted  through  the  apparatus  for  three  and  five  hours,  may  possibly  be 
explained  by  internal  reactions  in  the  humus  materials  themselves. 

In  all  the  investigations  referred  to  in  tables  7  and  8,  hydrogen  has  been 
conducted  through  the  apparatus' not  only  one,  but  three  hours  after  hydro- 
chloric acid  has  been  added. 

As  an  objection  to  the  principle  underlying  the  acetate  method,  Siichting 
(27,  p.  23),  criticizing  an  experiment  made  by  Berthelot  to  obtain  an  ex- 
pression for  the  acidity  of  the  soil  by  determining  the  amoimt  of  acetic  add 
which  a  certain  quantity  of  soil  when  heated  with  a  solution  of  potassium 
acetate  is  able  to  free  from  that  salt,  emphasizes  that  aside  from  other  weak- 
nesses, by  this  method  one  is  able  only  to  determine  the  amount  of  soil  adds 

TABLE  10 

Comparison  between  the  amounts  of  acid  freed ,  using  the  Tacke-SCchting  method  and  the  calcium 

acetate  method 


1 

▲MOUNT  or  ACD  TEBED,  BXPKBS8KD  IX   CUUC 

CBNTIMXTEIS  1/10  N  ACID  PKR  1  GSAM 

OV  OVBN-DKY  PBAT 

PSAT  son. 

Tacke-Sachting  method 
(Reaction-time  3  hours) 

Calcium  acetate  method 

(6  grams  moist  peat  to 

300  cubic  centimeters 

liquid) 

ReUtion  between  amount 
of  moist  peat*  and  water 

Reaction  time 

10:200 

10:41S 

3  hours 

S  houfs 

Hiorh-boir  peftt  A 

7.3 

8.0 

4.7 

14.0 
10.0 

14.1 

HiiEh-boR  peat  B 

10.6 

*  Eadi  peat  sample  contained  1.51  gram  of  oven-dry  substance  in  10  grams  of  moist 
peat. 

which  are  stronger  than  acetic  acid,  and  therefore  the  method  gives  us  no 
accurate  expression  for  the  acidity  of  the  soil. 

In  table  10  a  comparison  has  been  made  between  the  calcium  acetate  method 
and  the  Tacke-SUchting  method  appUed  to  investigations  in  freeing  acid  in 
high-bog  peat  specimens  A  and  B  (tables  7  and  8). 

Although  in  the  Tacke-SUchting  method  a  three-hour  instead  of  a  two- 
hour  reaction-time  has  been  used,  which  must  have  increased  the  amount  of 
CO2  freed  considerably  (table  8),  yet  the  method  in  every  instance  gives  dis- 
tinctly lower  results  than  the  caldiun  acetate  method.  The  difference  in 
results  from  the  two  methods  is  especially  apparent  in  high-bog  peat  speci- 
men A.  Here  the  Tacke-Siichting  method  gives  only  about  one-half  as  large 
results  as  the  calcium  acetate  method  when  the  smallest  amount  of  water  is 
used,  and  about  one-third  as  large  when  the  largest  amount  of  water  is  used. 
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If,  as  does  Siichting,  we  would  take  for  granted,  that  the  amount  of  calcium 
absorbed  expresses  the  acidity  of  the  soil,  the  figures  appearing  when  this 
last-named  method  is  used  must  more  nearly  approach  the  absolute  value 
for  this  acidity  than  the  figures  appearing  from  the  first  method.  Moreover, 
as  the  results  from  the  acetate  method  show  that  there  is  far  better  concord- 
ance in  the  results  from  the  duplicate  determinations,  it  seems  as  if  this  method 
should  be  preferred  to  the  Tacke-Siichting  method,  over  which  it  has  the 
additional  advantage  that  it  is  quicker  and  more  easy  to  work  with. 

n.  QUALITATIVE  DETERMINATION  OF  THE  REACTION  OF  THE  SOIL 

i.  Methods  for  making  a  qualikUive  deUrminaiion  of  the  reaction  of  the  soil 

In  making  a  qualitative  determination  of  the  reaction  of  the  soil,  litmus 
paper  is  most  frequently  used,  and  the  method  is  generally  as  follows  [see, 
for  instance,  M.  Weibull  (33)  ].  A  small  portion  of  the  soil  sample  is  placed 
in  a  dish  and  moistened  with  enough  water  to  give  it,  when  stirred,  a  porridge- 
like consistency.  A  strip  of  red  and  a  strip  of  blue  litmus  paper  are  now 
placed  over  the  soil  in  such  a  way,  that  the  paper  at  every  point  comes  in  con- 
tact with  the  soil  particles.  A  few  hours  later  the  color  changes  in  the  litmus 
paper  are  observed  and  noted. 

In  making  a  qualitative  determination  of  the  soil  reaction  the  author  of 
this  paper  has  used  a  neutral  litmus  solution.  His  method  is  described  in 
detail  in  a  previous  paper  (10,  p.  431). 

In  1908  Baumann  and  Gully  (3)  published  a  method  for  making  a  quali- 
tative acidity  determination  based  on  the  ability  of  free  acids  to  free  iodine 
from  a  solution  of  potassium  iodide  and  potassium  iodate. 

The  method  is  as  follows. 

Two  grams  of  potassium  iodide  and  0.1  gram  of  potassium  iodate  are  dissolved  in  100  cc. 
of  distilled  water.  One  gram  of  peat  soil  (if  mineral  soU,  a  slightly  laiger  portion)  is  placed 
in  the  retort,  which  is  shaken  frequently,  and  fifteen  minutes  later  filtered.  A  few  drops 
of  the  filtrate  are  placed  in  a  thin  starch  water  and  the  intensity  of  the  blue  color  noted. 

Recently  Daikuhara  (12)  proposed  the  following  method  for  making  a 
qualitative  determination  of  the  acidity  of  the  soil.^* 

Place  5  grams  of  soil  in  a  test  tube  and  add  drop  by  drop  a  10  per  cent  potassium  nitrite 
solution  until  the  soil  is  well  moistened.  The  tube  is  corked  with  a  wad  of  cotton,  from 
which  a  strip  of  potassium  iodide  starch  paper  reaches  down  into  the  tube.  After  a  short 
time  the  intensity  of  the  blue  color  of  the  paper  gives  an  indication  as  to  the  degree  of  the 
acidity  of  the  soil.  The  potassium  nitrite  used  must  be  chemically  pure,  and  above  all 
must  not  contain  any  potassium  carbonate.  Potassium  nitrite  is  considered  better  in  such 
investigations  than  sodium  nitrite. 

The  results  obtained  from  this  method,  as  well  as  those  from  the  Baumann- 
GuUy  method,  can  give  only  indications  as  to  the  intensity  of  the  acidity  of 
the  soil,  but  no  indication,  as  the  litmus  method  to  some  extent  does,  as  to 
the  alkalinity  of  the  soil. 

"This  method  is  a  modification  of  a  method  previously  proposed  by  Oscar  Loew  (20). 
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2.  Comparison  of  various  methods  for  making  a  qualitative  determination  of  the 

reaction  of  the  soil 

Considering  the  important  part  which  a  qualitative  determination  of  the 
reaction  and  basicity  of  the  soil  has  played  in  later  years  in  soil  investigations, 
a  comparison  of  the  most  important  methods  suggested  would  seem  to  be  of 
interest  in  this  connection,  and  therefore  the  investigations  referred  to  in 
table  11  have  been  made. 

In  these  investigations  the  following  methods  have  been  used. 

Litmus  method  (litmus  test),  with  the  use  of  both  litmus  solution  and 
litmus  paper.  In  investigating  the  question  of  the  extent  to  which  air- 
drying  the  soil  aflFects  its  reaction,  litmus  solution  being  used,  a  determination 
was  made  of  soil  samples  both  in  that  condition  of  moisture  which  was  present 
at  the  beginning  of  the  experiment,  and  air-dry.  Two  equally  large  soil 
portions  were  simultaneously  weighed  oflf.  One  of  these  was  placed  in  a  test 
tube  which  was  at  once  corked,  and  the  other  spread  out  on  a  piece  of  paper 
to  become  air-dry.  After  drying,  this  portion  was  likewise  placed  in  a  test 
tube  and  to  each  tube  20  cc.  of  neutral  litmus  solution  added.  Of  mineral 
soil  a  portion  was  used  corresponding  to  5  grams  of  air-dry  soil,  and  of  fresh 
moist  peat  as  much  as  would  correspond  to  1  gram  of  oven-dry  peat. 

Nitrite  method.  The  one  I  have  used  is  closely  related  to  the  one  sug- 
gested by  Daikuhara.  However,  in  place  of  potassium  nitrite,  sodium  nitrite 
is  used,  because  neutral  potassium  nitrite  could  not  be  procured.  A  portion  of 
the  fresh  moist  soil  corresponding  to  about  5  grams  of  air-dry  soil  was  used. 
The  reagent  paper  was  moistened  with  distilled  water  before  being  submerged 
in  the  glass.  It  has  been  found  important  not  to  use  more  nitrite  solution 
than  is  just  sufficient  to  moisten  the  soil  sample.  In  the  presence  of  a 
greater  amount  of  moisture  the  reaction  is  often  irregular. 

Iodine  method  (according  to  Baumann  and  Gully).  For  this  method,  see 
above.  As  the  prepared  solution  of  potassium  iodide  and  potassium  iodate 
showed  a  slightly  acid  reaction  for  litmus  paper,  and  was  distinctly  yellow 
in  color,  it  was  neutralized  before  use  with  a  very  thin  sodium  hydroxide  solu- 
tion, and  the  color  finally  entirely  removed  by  adding,  drop  by  drop,  a  very 
thin  sodium  hyposulfite  solution.  With  100  cc.  of  the  named  solution  of 
potassium  iodide,  and  potassium  iodate,  a  portion  of  mineral  soil  correspond- 
ing to  3  grams  of  air-dry  soil  was  used.  Besides  noting  the  degree  of  the  blue 
color  in  the  starch  water,  the  degree  of  the  yellow  color  in  the  filtrate  itself 
was  noted,  for  this  reaction  seemed  to  give  better  and  more  complete  informa- 
tion as  to  the  acidity  of  the  soil,  than  the  starch  water  reaction.  The  degree 
of  this  last  depends  to  a  certain  extent  on  the  concentration  of  the  starch  water 
used,  and  it  was  found  necessary  to  use  a  rather  strongly  diluted  starch  water. 
Observation  of  the  blue  color  must  be  made  immediately  after  the  filtrate  has 
been  dropped,  as  the  starch  solution  will,  in  any  case  after  a  short  time,  as- 
sumie  a  bine  color  (due  to  the  sensitiveness  of  the  reagent  to  COs).    Only 


Digitized  by 


Google 


DETERMINING  THE  REACTION  07  SOILS  157 

two  shades  of  blue  can  be  distinguished  with  positive  certainty — flight  blue  and 
blue. 

In  addition  to  these  indicators,  experiments  have  been  made  with  p-nUro* 
phenol.  This  substance,  tested  by  S.  P.  L.  Sdrensen  (23)  in  measuring 
hydrogen-ion  concentration  in  approximately  neutral  stuffs,  has  proved  to  be 
a  splendid  indicator .^^  Of  this  indicator,  which,  as  far  as  is  known,  has  not 
previously  been  used  in  making  soil-reaction  determinations,  a  solution  of  the 
following  composition  was  prepared:  0.4  gram  p-nitrophenol,  60  tc.  of  alco- 
hol, and  940  cc.  of  distilled  water.  Twenty  drops  of  the  solution  were  used 
to  20  cc.  of  distilled  water,  which  at  once  assumed  a  pale  yellowish  color.  In 
this  test  the  mineral  soils  used  were  always  in  an  air-dry  condition,  and  5 
grams  taken  for  each  determination.  Peat  soils  were  used  in  their  original 
moist  condition,  and  in  the  amount  mentioned  above.  The  soil  and  the  solu- 
tion were  well  shaken  together  and  the  observations  of  the  color  of  the  solu- 
tion made  the  following  day.  Decidedly  add  soils  render  the  solution  color- 
less, while  slightly  acid,  neutral  and  alkaline  soils  color  it  yellow  (varying  from 
a  very  pale  to  a  greenish  yellow). 

In  connection  with  these  qualitative  investigations,  quantitative  determina- 
tions have  been  made,  based  on  the  caldimi  acetate  method,  and  the  Daikuhara  , 
potassimn  chloride  method.  In  the  former  a  portion  of  soil  corresponding 
to  9  grams  of  air-dry  field  soil,  or  0.5  gcam  of  oven-dry  peat  soil,  to  300  cc.  of 
caldmn  acetate  solution  is  used.  The  mixture  stood  for  ca.  eighteen  hours, 
was  shaken  from  time  to  time  and  titrated  according  to  the  method  men- 
tioned before.  In  the  potassium  chloride  method  of  field  soOs  a  100  gram 
portion  of  the  fresh  soil  specimen,  and  of  peat  soils  a  portion  corresponding 
to  10  grams  of  ov^-dry  peat,  was  weighed  off  to  250  cc.  1/1  N  potassium 
chloride  solution.  The  mixtiure  stood  for  five  days,  being  shaken  from  time  to 
time.  Half  of  the  amoimt  of  fluid  present  (=125  cc.  of  potassium  chloride 
solution  plus  half  of  the  moisture  foimd  in  the  soil  added),  corresponding  to  . 
half  of  the  portion  of  soil  used,  is  titrated  (after  having  been  filtered,  and  tbe 
free  CO2  removed  by  hasty  boiling),  with  1/10  N  NaOH,  phenolphthalein 
being  used  as  the  indicator.  According  to  Daikuhara  the  content  of  add 
found  is  multiplied  by  the  factor  3,  and  thereby,  as  has  been  mentioned  be- 
fore, an  approximately  correct  expression  for  the  absolute  acidity  of  the 
soil  should  be  obtained  (see  further,  page  117). 

As  is  mentioned  on  page  117,  Daikuhara  states  that  the  acidity  of  mineral 
soils  is  for  the  most  part  determined  by  the  presence  of  acid  aluminum — or 
(in  certain  instances),  iron-compounds,  and  Uiat  the  amount  of  these  found 
in  the  potassium  chloride  solution  corresponds  very  closely  to  the  amount  of 
NaOH  used  in  titration. 

"Both  p-nitiophcnol  and  litmus  belong  to  that  group  of  indicators  which  S.  P.  L. 
Sdrensen  calls  "indicators  of  the  phosphate  mixtures,"  and  which  are  characterized  by  the 
fact  that  their  turning-point  is  very  dose  to  the  true  neutral  point  (Ph^7).  Litmus  spans 
the  hydrogen-ion  domain:  F^^ca.  4.5  to  8.3  and  p-nitrophenol  the  hydrogen-ion  domain 
Ph-?  to  7. 
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To  illustrate  the  matter  further,  observations  were  made  of  the  size  of  the 
gelatinous  precipitate  appearing  when  potassium  chloride  extract  is  satu- 
rated with  sodium  hydroxide.  In  connection  with  these  investigations,  with 
the  help  of  a  strip  of  red  and  of  blue  litmus  paper  placed  over  the  surface 
of  the  solution  before  filtering,  and  left  for  about  an  hour,  observations  were 
made  of  the  reaction  of  the  potassium  chloride  solution  after  it  had  stood  five 
days  with  the  soil.    The  results  of  the  investigations  are  given  in  table  11. 

As  litmus  is  the  indicator  which  has  hitherto  been  used  in  qualitative  in- 
vestigations of  the  reaction  of  the  soil  made  by  the  author,  the  results  obtained 
from  them  are  used  as  a  basis  for  comparison.  As  was  the  case  in  earlier 
investigations  [see  further  (10,  p.  431)]  the  reactions  from  the  litmus  solution 
are  expressed  in  the  following  way: 

Strongly  acid  (yellowish-red  color). 

Acid. 

Slightly  acid. 

Neutral — slightly  acid. 

Neutral  (violet  color). 

Neutral — slightly  alkaline. 

Slightly  alkaline. 

Alkaline. 

Strongly  alkaline  (strong  blue). 
LUmuS'tesL  As  is  stated  before,  investigations  have  been  made  with  the  use 
of  litmus  solution  and  litmus  paper.  With  the  former  we  have  also  made  an 
investigation  comparing  the  reaction  of  the  soil  specimens  when  in  the  moist 
condition  in  which  they  were  at  the  beginning  of  the  experiment,  and  in  an 
air-dry  condition.  As  table  11  shows,  the  drying  has  had  no  effect  upon  the 
reaction  which  may  be  positively  stated — ^in  any  case  only  shades  of  dis- 
tinction (to  the  one  side  or  to  the  other).  Therefore,  in  making  qualitative 
reaction-determinations  it  seems  to  be  a  matter  of  indifference  whether  the 
soil  is  used  in  a  moist  or  an  air-dry  condition,  and  the  somewhat  larger  amount 
of  CO2  which  we  take  for  granted  is  present  in  moist  soil,  has  no  appreciable 
influence  on  the  determinations. 

In  many  soils,  and  especially  in  the  loam  and  clay  soils,  the  reactions  in 
the  litmus  solutions  appear  sharpest  and  most  distinct  when  dry  soil  is  used,- 
for  the  liquid  becomes  more  quickly  and  easily  clear. 

The  presence  of  a  larger  amount  of  fine  particles  floating  about  gives  the 
litmus  solution  a  more  reddish  color  than  the  reaction  itself  causes,  and  en 
this  account  the  determination  is  somewhat  uncertain.  In  such  cases  the 
litmus-paper  test  is  to  be  preferred.  On  the  whole  the  results  obtained  from 
this  method  correspond  satisfactorily  with  those  gained  by  using  the  litmus 
solution;  but  the  latter  is  generally  better  able  to  express  small  differences  m 
the  reaction  of  the  soil.  As  the  strongly  acid  reaction  (the  characteristic 
yellowish-red  color  in  the  litmus  solution),  does  not  appear  at  all  in  the 
paper-test,  the  litmus  solution  must  be  considered  to  giye  more  complete 
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,  information  about  the  reaction  of  the  soil  than  litmus  paper,  and  as  the  former 
method  is  quicker,  which  is  of  no  small  importance  when  examinations  are 
to  be  made  on  so  large  a  scale  as  the  case  is  here  in  Denmark/^  that  method  is 
on  the  whole  to  be  preferred.  In  cases  where  a  doubt  arises  (very  opaque 
liquids,  see  above),  the  litmus  paper  test  should  always  be  used  for  control, 
and  as  it  does  not  require  much  practice  for  making  a  correct  valuation  of 
the  color  changes,  it  would  perhaps  also  be  the  best  method  to  use  when  the 
determinations  are  made  by  persons  of  little  experience. 

Daikuhara's  nitriie-^etiwd.  *  As  the  table  shows,  this  method  is  very  sensi- 
tive to  small  changes,  all  the  soils  which  in  the  litmus*test  have  been  proved 
more  or  less  add  (strongly  acid — slightly  add),  have  caused  a  strong  blue 
color  to  appear  on  the  potassium  iodate  starch  paper.  The  same  is  true  of 
various  neutral  soils  both  with  and  without  Azotobader  vegetation.  First, 
when  litmus  shows  a  deddedly  alkaline  reaction  (slightly  alkaline — strongly 
alkaline),  the  blue  color  ceases  to  appear  on  the  paper.  Therefore,  according 
to  the  investigations  previously  made  of  the  lime-requirement  of  the  soil  (10), 
we  find  a  large  number  of  non-lime-requiring  soils  which  tested  by  Daiku- 
hara's  method  give  an  add  reaction.  On  the  other  hand,  it  is  fairly  safe  to 
say  that  aU  the  soils  which  do  not  color  potassium  iodate  starch  paper  blue 
have  no  lime-requirement.  Yet,  as  all  these  soils,  either  by  the  litmus  test 
alone,  or  in  connection  with  the  Azotobacter  test  prove  to  be  rather  rich  in 
basic  substances,  the  nitrite  method  does  not  fill  any  particular  need,  either 
in  making  a  general  determination  of  the  reaction  of  the  soil  or  of  Its  lime- 
requirement.  Yet  to  have  demonstrated  the  ease  and  speed  with  which  this 
reaction  takes  place,  is  of  interest  in  another  connection,  for  it  suggests  that 
to  use  nitrites  as  nitrogen  fertilizers,  which  has  often  been  under  consideration, 
would  for  many  Xy^es  of  soil  risk  a  considerable  nitrogen  loss. 

The  iodine  method  according  to  Baumann  and  Gully.  The  results  of  the 
determinations  based  on  the  Baumann-Gully  method  on  the  whole  agree  well 
with  the  results  of  the  reaction-determinations  made  by  the  litmus-test. 
All  the  soils  which  have  shown  a  distinct  acid  reaction  for  litmus  have  caused  a 
distinct  yeUow  coloring  of  the  solution  used.  In  the  case  of  the  neutral  soils 
the  liquid  is  either  slightly  yellow  or  colorless,  and  no  distinction  can  be 
made  between  neutral  soils  with  and  without  Azotobacter  vegetation.  In 
using  soils  that  show  a  positive  alkaline  reaction  for  litmus  solution  (slightly 
alkaline — strongly  alkaline),  no  iodine  has  been  freed. 

Nor  does  this  method  give  information  as  to  the  reaction  of  the  soil  other 
than  has  appeared  from  the  litmus  test,  and  as  the  method  is  rather  detailed, 
and  the  reagents  very  sensitive  to  the  COj  in  the  air,  we  need  not  expect  that 
it  will  play  an  important  part  in  making  a  qualitative  determination  of  the 
reaction  of  the  soil. 

F-nitrophend  method.    The  results  of  the  reaction-determinations  when  this 

"  In  the  years  1910-1916,  using  the  combined  litmus  and  Azotobacter  test  (1  to  1)  sug- 
gested by  the  author,  about  40,000  soil  specimens  were  examined. 
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indicator  is  used  agree  in  general  very  well  with  those  with  the  litmus  solu- 
tion. The  soils  which  show  acid  reaction  for  litmus  have  either — and  this  is 
usually  the  case — decolored  the  solution,  or  else  caused  no  change  in  the 
original  very  slightly  yellowish  tinge  of  the  liquid.  In  the  case  of  soils 
showing  a  neutral  reaction  for  litmus,  there  is  a  distinct  difference  between  the 
two  groups,  with  and  without  Azotobacter  vegetation,  for  the  former  colors 
the  liquid  somewhat  more  yellow  than  the  latter.  There  are,  however,  a  few 
exceptions  to  this  rule,  the  soils  which  for  litmus  are  decidedly  alkaline  show, 
with  one  or  two  exceptions,  among  the  slightly  alkaline  soils,  the  very  strongest 
possible  yellow  color  (greenish-yellow).  The  use  of  p-nitrophenol  must  on 
the  whole  be  considered  to  give  very  good  information  as  to  the  reaction  of  the 
soil,  and  in  certain  cases  where  the  litmus  test  has  shown  a  neutral  reaction, 
this  indicator  may  be  used  with  advantage  in  supplementary  investigations. 

However,  litmus  has  this  one  advantage  over  all  other  indicators — ^it  shows 
distinct  changes  on  both  sides  of  the  neutral  point,  and  on  this  account  no 
other  indicator  can  supplant  it  in  ordinary  qualitative  determinations  of  the 
reaction  of  the  soil. 

In  addition  to  these  named,  experiments  have  been  made  with  various  other 
indicators — for  example  "neutral  red,"  which  like  litmus  has  its  turning-point 
in  the  neighborhood  of  the  true  neutral  point.  Unfortunately,  this  indicator 
can  not  be  used  in  reaction-determinations  of  the  soil,  as  it  is  to  a  larger  or 
smaller  extent  discolored  by  it. 

In  connection  with  these  investigations,  an  experiment  has  been  made 
with  a  colorimetric  measurement  of  the  hydrogen-ion  concentration  in  the 
filtrates  from  the  mixtures  of  field  soils  and  water.  The  experiment  has  given 
negative  results  in  that  there  seems  to  be  an  indication  that  the  colorimetric 
method  cannot  generally  be  used  in  determining  hydr  gen-ion  concentration 
hi  the  watery  soil-extracts,  a  condition  which  must  be  largely  eiq>lain  d  by 
an  insufficient  appearance  of  "buffers"  [see  further,  S.  P.  L.  S5rensen  (  3,  p. 
17)  ].  There  is  a  large  quantity  of  these  present  in  the  soil  itself.  In 
a  colorimetric  determination  of  the  reaction  of  the  soil,  we  are  reduced  to 
working  with  mixtures  of  soU  and  water,  and  an  exact  determination  of  the 
hydrogen-ion  concentration  in  watery  soil-extracts  can,  therefore,  in  general 
be  made  only  by  the  electro-metrical  method. 

In  connection  with  the  investigations  of  the  methods  for  a  qualitative  de- 
termination of  the  reaction  of  the  soil  referred  to  above,  quantitative  deter- 
minations of  the  ability  of  the  soil  to  free  add  have  been  made,  the  potassium 
chloride  method  suggested  by  Daikuhara  being  used  in  part,  and  the  calcium 
acetate  method  in  part. 

The  main  results  of  the  investigations  of  mineral  soils  are  grouped  together 
in  the  simmiary  in  table  12,  and  in  figure  4,  which  deals  particularly  with  the 
soils  with  which  both  the  calcium  acetate  and  the  potassium  chloride  method 
have  been  used. 

As  this  summary  shows,  the  ability  of  the  soil  to  free  acid,  measured  ac- 
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cording  to  both  methods,  is,  on  the  average,  greatest  in  those  soils  giving  an 
add  reaction  for  litmus,  and  decreases  with  decreasing  acidity  and  increasing 
alkalinity  (for  litmus).  But  aside  from  this  agreement  in  the  principa'  char- 
acteristic, the  two  methods  show  very  important  and  characteristic  differences 
in  the  results  of  the  investigations. 

First,  in  considering  the  relation  of  the  soils  to  the  potassium  chloride  solu- 
tion we  find  that  atdy  those  soils  showing  a  decidedly  acid  reaction  for  litmus  are 
able  to  free  acid  from  this  solution  to  an  appreciable  extent;  and  it  is  important 
to  note  (table  11),  that  this  ability,  though  varying  greatly  in  degree,  is  yet 
present  in  all  soils  showing  an  add  reaction.^*  The  amount  of  add  freed 
from  the  potassium  chloride  solution  decreases  greatly  as  the  neutral  reaction 


TABLE  12 
Rdation  between  the  reaction  of  mineral  soils  for  litmus  and  their  ability  to  free  acid 


EBACnOM  TOE  LITIIUS 


Strongly  add 

Add 

Slightly  add 

Neutral— ^htly  add 

Neutral 

Neutral — slightly  alkaline 

Slighdy  alkaline 

Alkaline  and  strongly  alkaline, 


ACID  JKMMD.  SXPKS88B>  IN  CDBIC  CXMTIlfXTBSa  Or  ACID 

1/10  N  psa  100  oaAMS  Afa-oti  son. 


AceUta  method 


1 

I 


13150.0 
10100.7 
56.7 
63.3 
70.3 
39.7 
28.7 
12.7 


46.0 
43.3 
30.7 
22.3 
17.3 
19.0 
8.3 
4.0 


ill 

ill 
III 


104.0 
57.4 
26.0 
41.0 
53.0 
20.7 
20.4 
8.7 


{ 


82.9 
66.8 
48.2 
43.5 
33.8 
27.7 
16.9 
8.3 


PoUMittm  chloride  method 


150.3 
43.3 
10.4 
5.3 
1.7 
1.1 
0.8 
0.4 


5.7 
2.3 
1.1 
0.6 
0.3 
0.3 
-0.6 
-0.7 


111 

m 

I 
III 


144.6 
41.0 
9.3 
4.7 
1.4 
0.8 
1.4 
1.1 


35.6 
10.3 
3.8 
1.9 
0.8 
0.6 
0 
-0.3 


1:2.3 

1:6.5 

1:13 

1:23 

1:42 

1:46 


is  approached,  and  at  that  point  the  amount  of  add  freed  is  so  small  that  in 
the  case  of  field  soils  a  quantitative  determination  i^  inaccurate.  (It  must  be 
remembered  that  the  figures  expressing  the  absolute  acidity  are  obtained  by 
multiplying  the  values  found  with  the  factor  3.)  The  variations  in  the  ability 
of  this  group  of  soils  to  free  acid  as  well  as  in  the  following  groups  are  very  small, 

^This  dose  agreement  between  the  results  of  the  potassium  chloride  and  the  litmus 
methods  may  be  said  to  make  even  more  probable  the  supposition  (page  144)  that  the 
ability  to  color  litmus  red  (in  opposition  to  Baumann  and  Gully's  opinion)  is  caused  by  the 
presence  of  truly  acid-reacting  substances  in  the  soil  in  question. 

G;  Fischer  reaches  a  similar  result  by  another  method.  By  an  electro-metric  measurement 
of  the  hydrogen-ion  concentration  in  various  peat  soils  he  proves  that  in  those  showing 
an  add-reaction  for  litmus  there  is  a  considerable  hydrogen-ion  content. 
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The  investigations  of  peat  soil  made  (table  11,  show  that  high-bog  peat 
specimens  have  a  far  greater  ability  to  free  acid  from  potassiimi  chloride  than 
low-bog  peat  specimens,  even  though  the  latter  show  an  add  reaction  for 
litmus.  When  an  acetate  solution  is  used,  the  difference  between  the  amount 
of  acid  freed  by  high-bog  peat  and  that  freed  by  low-bog  peat  is  far  less  ap- 
parent, and  one  of  the  low-bog  peat  specimens  (no.  7)  even  shows  almost  as 
great  an  amoimt  of  acid  freed  as  the  high-bog  peat  specimens. 

The  slightly  blue  color  in  the  Utmus  solution  (slightly  alkaline  reaction— a 
reaction  almost  coincident  with  the  absolute  neutral  point,  which  is  charac- 


^MW€  hikihiie  ^i0      Acid  Ackf 


Fig.  4.  Diagram  Showing  the  Relation  Between  the  Reaction  or  the  Soil  roR 
Litmus  and  rrs  Ability  to  Free  Acid 

9 

terized  by  the  presence  of  an  equal  number  of  H  and  OH-ions)  indicates  that 
acid  is  no  longer  being  freed  from  the  potassium  chloride  solution,  and 
where  the  reaction  is  more  alkaline  (for  litmus),  the  potassium  chloride  solu- 
tion is  in  almost  every  instance  distinctly  alkaline  (for  phenolphthalein). 

The  results  at  hand  may,  with  considerable  certainty,  be  said  to  suggest 
that  the  freeing  of  acid  from  the  potassiimi  chloride  solution  is  alone  deter- 
mined by  the  presence  of  iridy  acid-reacting  substances  in  the  soil  in  question. 
This  condition  was  already  apparent  in  the  results,  shown  in  table  11,  of  the 
qualitative  investigations  of  the  reaction  of  the  potassium  chloride  solution, 
which,  after  standing  for  five  days  with  the  soil,  was  tested  with  litmus  paper. 
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These  results  agree  very  well  with  those  from  reaction-determinations  made 
according  to  the  normal  litmus  method. 

As  has  been  mentioned  before,  Daikuhara  states  that  when  a  surplus  of 
ammonium  is  added  to  the  filtrate  of  the  potassium  chloride  solution,  which  has 
stood  with  add  mineral  soil,  a  gelatinous  precipitate  always  appears.  This  is 
composed  of  aluminum — or  (m  certain  instances),  iron-hydroxide,  and  the 
proportion  always  bears  a  definite  relation  to  the  acidity  of  the  solution. 
Therefore,  he  concludes  that  the  acidity  of  mineral  soils  is  solely  dependent 
on  the  appearance  of  certain  add  aluminum — or  iron — compounds  (add 
silicates). 

To  throw  further  light  on  the  question  notes  have  been  made  of  the  size 
of  the  predpitate  appearing  when  the  potassium  diloride  solution  is  saturated 
with  sodium  hydroxide.    The  results  appear  in  table  11. 

As  may  be  seen,  all  strongly  acid]  and,  moreover,  the  majority  of  acid  or 
digMy  acid,  mineral  soils,  give  a  wkUish  gdaiinous  precipitate,  whereas  no  in^ 
vesHgaHon  has  ever  shown  this  to  be  true  of  neutral  or  sligh&y  alkaline  soils. 
The  amount  of  the  gelatinous  predpitate  increases  with  tl^  increased  acidity 
of  the  liquid  (measured  according  to  the  potassium  chloride  method),  and 
when  the  number  expressing  this  is  over  6,  the  predpitation  has  always  taken 
place. 

These  observations  seem  to  confirm  Daikuhara's  statements,  even  though 
they  are  unable  to  give  positive  assurance  as  to  whether  the  addity  of  the 
mineral  soils  depends,  as  that  author  claims,  solely  on  the  presence  of 
substances  of  the  above-mentioned  kind. 

In  humus  soils  we  notice  that  in  neutralizing  the  extracts  from  the  high- 
bog  peat  samples,  a  considerable  gelatinous  predpitate  appears  (in  this  instance 
reddish-brown  in  color),  and  that  the  amount  of  the  predpitate  (as  in  mineral 
soils)  seems  to  bear  a  certain  relation  to  the  amount  of  add  freed  from  the 
potassium  chloride  solution.  One  would  thus  be  indined  to  suppose  that  the 
addity  of  this  type  of  soils  depends  to  a  large  extent  on  add  iron  compounds. 
Special  research  work  on  this  point  would  have  particular  interest. 

Low-bog  peat  specimens,  which,  as  has  been  said,  have  a  somewhat  limited 
power  to  free  add  from  a  potassium  chloride  solution,  showed,  after  the 
potassium  chloride  extract  had  been  neutralized,  no  gelatinous  precipitation, 
even  though  the  soil  specimens  themselves  gave  a  deddedly  acid  reaction  for 
litmus. 

In  addition  to  the  determinations  already  mentioned,  a  determination  has 
been  made  according  to  methods  previously  used  (10),  of  the  lime  in  peat 
soils  which  is  soluble  in  ammonium  chloride.  As  table  11  shows  in  the  two 
humus  types  examined,  no  connection  has  been  found  between  the  add  freed 
from  acetate  or  potassium  chloride  solution,  and  the  content  of  lime  soluble 
in  ammonium  chloride  in  the  soil. 

If  we  now  examine  the  results  from  the  acetate  method,  we  will  imme- 
diately see  that  these  are  far  greater  than  those  obtained  from  the  potassium 
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chloride  method.  This  is  due  to  the  fact  either  that  in  using  the  latter  method 
one  is  unable  to  obtain  as  correct  an  expression  for  the  absolute  acidity  of  the 
soil  as  from  the  acetate  method,  or  that  the  acid  may  be  freed  from  the  cal- 
cium acetate  solution  not  only  by  the  action  of  truly  acid^eacting  substances^ 
but  also  by  substances  of  another  character. 

In  table  12  is  a  summary  of  the  results  of  the  investigations  of  mineral 
soils.  From  these  statistics  it  appears  that  the  values  eiq>ressing  the  degree 
of  acid  obtained  according  to  the  acetate  method,  in  contrast  to  those  from 
the  potassium  chloride  method,  diminish  regularly  from  acid  to  alkaline  reac- 
tion, and  that  thus  both  neutral  and  alkaline  soils  have  the  power  of  freemg  a 
considerable  amount  of  add  from  an  acetate  solution.  Resulting  from  this 
the  relation  between  the  amounts  of  acid  freed  from  potassium  chloride  and 
calcium  acetate  is  far  closer  in  distinctly  add  than  in  approximately  neutral 
soils. 

This  condition  appears  plamly  in  figure  4,  showing  the  relation  between  the 
reaction  of  mineral  soils  for  litmus,  and  the  degree  of  add  freed  from  the  two 
salt  solutions  named.  While  the  curve  representing  the  absorption  of  bases 
in  the  potassium  chloride  solution  runs  almost  parallel  with  the  abscissa  axis 
until  add  reaction  begins  and  then  rises  quite  sharply,  the  curve  represent- 
ing the  caldum  acetate  solution  never  reaches  the  abscissa  axis,  and  rises 
gradually.  A  closer  examination  of  the  single  determinations  made,  caldum 
acetate  solution  being  used,  table  11,  shows  that  the  relation  between  the  add 
freed  and  the  reaction  of  the  soil  is  far  from  being  as  regular  as  this  diagram 
would  seem  to  indicate.  While  the  variation  in  the  abiUty  of  neutral  soils  to 
free  acid  from  potassium  chloride  solution  is  always  very  small,  and  the 
amount  of  add  freed  is  always  much  less  than  in  distinctly  add  soils,  when 
calciimi  acetate  solution  is  used  with  neutral  soils  the  variations  in  the  amount 
of  add  freed  are  very  large,  and  neutral  field  soils  quite  frequently  free  even  a 
larger  amount  of  acid  than  very  distinctly  acid-reacting  soils. 

These  characteristic  differences  in  the  results  obtained  from  the  two  methods 
are  presumably  due  to  the  fact  that  the  absorption  of  bases,  and  the  conse- 
quent freeing  of  add  from  the  calcium  acetate  solution  is  not,  as  is  the  case 
with  potassium  chloride  solution,  solely  caused  by  the  presence  of  truly  acidr 
reacting  substances^  but  also  by  the  presence  of  substances  of  quite  another 
character,  whether  these  be  adsorptively  unsaturate  colloids,  or  other  non- 
acid  reacting  substances  with  the  ability  to  absorb  bases  from  salts  of  weak 
acids. 

In  peat  soils  it  is  interesting  to  note  (table  11)  that  in  the  relation  between 
the  two  amounts  of  add  freed  from  the  two  liquids  there  is  a  characteristic 
difference  between  high-bog  peat  and  low-bog  peat,  the  relation  being  4  to  5 
times  doser  in  high-bog  peat  than  in  low-bog  peat. 

As  has  been  mentioned  before  (page  118),  Daikuhaxa  claJuns  that  by  usmg 
his  potassiiun  chloride  method  one  is  able  to  express  quantitatively  the  lime- 
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requirement  of  the  sofl.  K  his  claim  is  correct,  only  those  soils  giving  acid 
reaction  for  litmus  (based  on  the  investigations  mentioned  above)  have  a 
distinct  lime-requirement  while  all  neutral  soils  either  have  no  lime-require- 
ment whatsoever  or  a  very  small  one.^'  Previous  investigations  made  by 
the  author  and  0.  H.  Larsen  (10)  show  that  a  large  number  of  field  soils  with 
neutral  reaction  for  litmus  have  a  decided  lime-requirement,  and  that  when 
lime  is  added  to  these  soils,  sometimes  a  greater  result  is  obtained  than  from 
the  distinctly  acid  soils.  In  such  instances,  adding  the  100  kgm.  of  car- 
bonate of  lime,  which  according  to  the  results  obtained  from  thi .  method  would 
usually  suffice,  is  practically  without  effect.  And  too,  with  many  of  the 
distinctly  add  soils,  measuring  the  amount  of  lime  according  to  the  results 
of  the  potassium  chloride  method  will  give  far  too  small  an  amount  for  prac- 
tical purposes.  For  many  decidedly  acid  soils,  the  figures  expressing  the 
absolute  acidity  are  between  5  and  10,  and  in  such  cases,  according  to  the 
method  of  computing  given  here,  the  addition  of  600  to  1200  kgm.  of 
carbonate  of  lime  per  hectare,  should  be  sufficient  to  fulfill  the  lime-re- 
quirement in  the  soil.  However  (partly  due  to  the  fact  that  in  the  field  it  is 
impossible  to  mix  the  lime  with  the  acid  soil  so  thoroughly  as  in  the  retorts 
in  the  laboratory),  and  judging  from  practical  experience  and  the  results  of  the 
field  experiments,  such  small  amoimts  of  lime  are  far  too  insignificant  entirely 
to  fulfill  the  lime-requirement  of  the  soil. 

However,  even  though  by  determining  the  acidity  of  the  soil  we  are  imable 
to  state  positively  the  extent  of  its  lime-requirement,  yet  a  quantitative  acid 
determination  can  in  many  cases  give  suggestions  as  to  the  magnitude  of  this 
need,  and  there  is  no  doubt  that  soil  specimen  no.  3313,  showing  an  acidity 
content  corresponding  to  ca.  150  cc.  of  1/10  N  acid  per  100  grams  of  dry  soil 
requires  a  considerable  amount  of  lime  for  satisfying  its  lime-requirement,  for 
according  to  this  method  of  computing,  it  is  necessary  to  add  ca.  18,000  kgm. 
of  carbonate  of  lime  per  hectare  merely  to  neutralize  the  soil. 

Of  the  methods  which  at  the  present  time  seem  to  give  the  best  information 
in  regard  to  the  degree  of  the  acidity  of  the  soil,  the  potassium  chloride  method 
is  the  one  most  deserving  of  attention,  and  its  use  will  in  many  instances  be  a 
great  assistance  in  making  a  diagnosis  of  the  condition  of  the  soil. 

It  is  generally  supposed  that  a  larger  amount  of  lime  is  necessary  for  sat- 
isfying the  lime-requirement  of  clay  soils  than  of  sandy  soils.  If  this  suppo- 
sition is  correct,  we  have  reason  to  expect  that  the  former  soils  within  the  single 
reaction  groups  (and  the  groups  with  and  without  Azotohacter  vegetation) 
possess  a  greater  ability  to  absorb  bases  than  the  latter. 

To  throw  light  on  the  matter  the  material  at  hand  was  treated  as  table  13 
shows.    This  summary  includes  the  results  obtained  from  table  11,  and  in  the 

"  An  amount  of  add  freed  corresponding  to  1  cc.  1/10  N  acid  for  100  grams  soil  will 
only  require  ca.  120  kgm.  CaCOt  for  neutralizing  the  add  content  in  the  upper  20  cul  per 
hedare  (see  further,  page  145). 
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case  of  the  acetate  method  those  from  table  6  as  well.  A  distinction  is 
made  among  S  degrees  of  heaviness  in  soil,  which  in  the  last  division  of  the 
table  arc  grouped  together  in  two  classes— day  soil  and  sandy  soil. 

In  looking  over  the  results  obtained  from  the  acetate  method,  we  see  that 
the  day  soil  in  all  three  reaction  groups  and  in  the  groups  with  and  without 
Azotobader  vegetation  possesses,  on  Uic  average,  somewhat  less  ability  to 
absorb  lime  than  the  sandy  soils  of  the  corresponding  groups.  In  using  the 
potassium  chloride  method  the  relation  is  quite  the  opposite,  for  the  day  soils 
with  add  reaction— or  by  the  Azotobader  test--without  the  ability  to  cause 
Azotohacter  development,  possess  on  the  average  more  than  twite  as  great 

TABLE  13 
Comparison  between  the  ability  of  day  and  of  sandy  soils  to  free  acids  • 


*  Indudes  groups:  Strongly  acid,  add  and  slightly  add. 

t  Indudes  groups:  Neutral-slightly  add,  neutral  and  neutral. 

X  Indudes  groups:  Slightly  alkaline,  alkaline  and — slightly  alkaline, — strongly  alkaline. 

§az.  V. — Azotobacter  vegetation. 

an  ability  to  free  adds  as  the  sandy  soils  of  these  groups.  In  neutral  and 
alkaline  soils,  and  in  those  soils  causing  Azotohacter  development,  the  ability 
to  free  add  from  potassium  chloride  is,  as  has  been  mentioned  before,  so  small 
that  it  is  impossible  to  indicate  the  difiFerences  in  the  degree  of  this  ability  for 
various  soils. 

As  the  comparison  made  shows,  a  di£Ferent  result  is  obtained  according  to 
whether  the  calcium  acetate  or  the  potassium  chloride  method  is  used.  It  is 
impossible  for  the  present  to  state  which  of  these  two  methods  can  on  the 
whole  give  the  most  helpful  information  as  to  the  lime-requirement  of  the 
soil.  With  these  data  we  are  imable  to  verify  the  extent  to  which  the  above- 
named  supposition  that  lime-poor  day  soils  require  on  the  average  a  greater 
addition  of  lime  that  sandy  soils  is  correct.    It  is  indeed  probable  that  the 
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supposition  is  correct  in  the  case  of  mineral  soils  showing  an  add  reaction 
for  litmus,  for  the  results  appearing  from  the  potassium  chloride  method 
suggest  decidedly  that  acid  clay  soils  require  on  the  average  a  far  greater 
amount  of  basic  substances  to  attain  a  neutral  reaction  than  acid  sandy 
soils. 

m.  SXTIOIAKY  OF  THE  MAIN  KESULTS  OF  THE  INVESTIGATIONS 

As  a  result  of  the  investigations  made,  it  seems  to  be  necessary  to  dis- 
tinguish sharply  between  tite  absohiie  acidity  of  the  soil,  and  its  ability  to  free 
acids  (absorb  bases). 

The  majority  of  methods  suggested  for  making  a  quantitative  determina- 
tion of  the  acidity  of  the  soil  give  no  information  as  to  the  content  of  tndy 
acidrreacting  substances  in  the  soil,  ix.,  substances  which  in  solution  cause  a 
hydrogen-ion  concentration  greater  than  corresponds  to  the  value  10*^;  but 
only  of  its  ability  to  absorb  bases,  which  is  partly  determined  by  the  presence 
of  add-reacting  substances,  and  partly  by  the  presence  of  non-base  saturate 
colloids,  or  other  non-add  reacting,  but  base-absorbing  substances. 

We  still  lack  a  method  for  making  a  positive  quantitative  determination  of 
the  addity  of  the  soil,  in  the  meaning  of  the  word  given  above,  even  though 
the  methods  suggested  by  Hopkins  and  his  collaborators,  and  later  by  Daiku- 
hara  with  the  use  of  chloride  solutions,  seem  in  many  cases  to  ^ve  valuable 
information  on  this  point. 

In  determining  the  ability  of  the  soil  to  absorb  bases,  a  method  based  on 
Baumann  and  Gully's  prindpks,  in  which  acetates  are  employed,  should  be 
preferred  to  Tacke  and  Siichting's  method,  not  only  because  it  gives  results 
which  are  more  certain  and  approach  the  absolute  values  more  dosely,  but 
also  because  the  investigations  may  be  made  far  more  quickly  than  according 
to  the  latter  method. 

Baumann  and  Gully's  daim  that  no  free  adds  exist  in  sphagnum  peat  is 
probably  incorrect.  The  results  of  the  investigations  made  here  must  be 
understood  to  mean  that  the  ability  to  absorb  bases  characteristic  of  this 
type  of  soil,  as  well  as  of  others  which  show  an  acid  reaction  for  litmus,  is  in 
every  instance  partly  dependent  on  the  appearance  of  tndy  acid-reacting  sub- 
stances, a  result  which  coinddes  fairly  well  with  the  claim  made  in  a  former 
paper  (9),  that  raw  high-bog  peat  contains  a  considerable  amount  of  such 
substances.  The  further  claim  made  by  the  above-mentioned  sdentists,  and 
later  repeated  by  Ramann,  that  the  ability  of  a  soil  to  color  a  neutral  litmus 
solution  red  need  not  be  an  expression  for  the  presence  of  free  adds  in  it,  but 
is  solely  caused  by  the  ability  of  soil  colloids  to  free  adds  from  neutral  salts, 
is  also  incorrect,  for  it  has  been  proved  that  there  is  no  closer  connection  be- 
tween the  ability  of  the  soil  to  free  adds,  determined  according  to  the  caldum 
acetate  method,  and  its  reaction  for  litmus,  and  furthermore,  that  many  of 
the  soils  which  when  tested  by  this  method  show  a  considerable  ability  to 
free  adds,  show  a  neutral  or  slightly  alkaline  reaction  for  litmus.    The  fact 
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that  it  is  only  those  soils  with  a  distiDct  acid  reaction  for  litmus  which  are  able 
to  an  appreciable  extent  to  free  acid  in  a  potassium  chloride  solution,  must, 
on  the  contrary,  be  said  to  indicate  that  the  ability  of  the  soil  to  color  neutral 
litmus  solution  red  is  due  to  the  presence  of  truly  acid^eacting  substances  in 
the  soil  in  question.  The  importance  of  the  litmus  test  in  making  soil  in- 
vestigations, especially  in  examining  the  requirement  of  the  soil  for  basic 
substances,  which  in  practice  is  its  lime-requirement,  is  therefore  easOy 
understood. 

A  determination  of  the  base-absorption  power  of  the  soil  is  not  sufficient 
for  determining  its  lime-requirement,  for  it  has  been  found  that  many  of  the 
soils,  which,  based  on  former  investigations,  were  considered  to  require  lime 
(such  as  those  not  causing  Azotobacter  vegetation  under  the  Azotobcicier 
test)  possess  less  power  to  free  acids  in  a  calcium  acetate  solution  than  those 
which  do  not  require  lime  (such  as  those  causing  Azotobacter  vegetation  un- 
der the  Azotobacter  test).  Nor  can  we  expect  a  determination  of  the  acidity 
of  the  soil  to  give  positive  information  as  to  whether  or  not  it  requires  lime- 
As  has  been  proved  previously,  all  mineral  soils  showing  an  acid  relation  for 
litmus  have  a  large  lime-requirement.  In  such  instances  a  quantitative  de- 
termination of  the  acid  content  of  the  soil  which  expresses  the  amoimt  of  lime 
necessary  for  neutralizing  the  acid  present,  will  also  give  reliable  though  in- 
sufficient information  as  to  the  degree  of  the  lime-requirement  of  the  soil- 
However,  we  must  remember  that  many  soils  which  show  a  neutral  reaction 
for  litmus,  have  a  decided  lime-requirement  and  in  such  cases  it  is  impossible 
to  use  the  acidity  determination  in  determining  the  degree  of  the  lime- 
requirement  of  the  soil. 

At  this  point  it  is  well  to  emphasize  the  fact  that  the  qualitative  deter- 
mination of  the  lime-requirement,  according  to  the  combined  litmus  and 
Azotobacter  tests  in  general  use  in  Denmark  at  present,  can  to  a  certain  extent 
give  information  as  to  the  c^egree  of  the  lime-requirement  of  the  soil.  Acid- 
reacting  soils  which  only  to  become  neutral  require  a  certain  amount  of  lime, 
doubtless  need,  on  the  average,  a  far  more  considerable  lime  addition  to  ful- 
fill their  lime-requirement  than  neutral  lime-requiring  soils  without  Azoto- 
bacter  vegetation,  which  presmnably  in  the  majority  of  instances  should  be 
and  are  content  with  the  addition  of  a  proportionately  small  amount  of  lime. 
To  elucidate  further  the  question  which  has  great  practical  importance,  in- 
vestigations must  be  made  in  connection  with  a  larger  niunber  of  field  experi- 
ments in  the  use  of  lime. 

As  the  author  has  previously  stated,  it  is  probable  that  the  question  of  the 
lime-requirement  of  the  soil  is  predominantly  a  question  of  the  presence  or 
absence  of  certain  easily-decomposed  acid-saturating  calcium  {or  magnesium) 
compounds.  If  the  problem  is  such,  the  efforts  to  find  a  quantitative  expres- 
sion for  the  lime-requirement  must  be  in  the  direction  of  methods  which  can 
express  the  amount  of  lime-fertilizer  necessary  for  supplying  the  soil  with  a 
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sufficient  quantity  of  such  compounds.  To  what  extent  there  are  possibilities 
for  finding  such  a  method,  and  whether  or  not  it  should  rest  upon  a  chemical 
or  a  biological  foundation,  must  for  the  present  remain  imanswered." 
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IN  OUR  STOCK  FOR  IMMEDIATE  SHIPMENT.    MADE  IN  U.  S.  A. 


No.  22235  No.  22247  No.  22222  No.  22226 

22235.  Bottles,  Narrow  Mouth,  of  white  glass,  with  flat  glass  stopper.  These  Bottles 
are  the  first  made  in  the  United  States  of  the  shape  provided  heretofore  only  in 
imported  bottles.  They  are  made  in  private  mourns  and  are  of  excellent  appear- 
ance and  quality  as  compared  with  any  regular  stock  iron-mould  tincture  or  salt 
mouth  bottles.  They  are  very  suitable  for  use  as  reagent  bottles  where  labelling  is 
done  in  the  laborator  y 

Capacity,  cc 125  250  600  1000 

Number  in  original  case 100  100  100  50 

Each,  net 7,  7X6  M  ^35  M 

Per  100  in  ori^nal  case,  net 11.00        14.50        23.75         27.50 

22247.  Bottles,  Wide  Mouth,  of  white  glass,  with  flat  glass  stopper,  otherwise  same  as 
above. 

Capacity,  cc 125  250  500  1000 

Number  in  original  case ._. 100  100  100 50 

Each,  net .17  .22  .37  .42 

Per  100  in  original  case,  net 12.00        15.50        24.50         28.50 

22222.  Bottles,  Narrow  Mouth,  flint  glass,  with  high  ground  mushroom  glass  stopper. 
This  bottle  has  a  fine  fire-polished  finish  approaching  shop  furniture  ware  in  ap- 
pearance and  is  much  superior  to  iron-mould  finish.  Recommended  specially  for 
laboratory  or  other  uses  where  a  bottle  of  better  appearance  is  desired. 

Capacitor 1  oz.    2oz.    4oz.    6oz.    12  oz.    |  pt. 

Number  in  original  case 144      144        72         72         72         72 

Each,  net 17      .21      .25        .28        .32        .29 

Per  dozen  in  original  case,  net 1.50    1.88    2.25      2.48      2.85     2.63 

Capacity 1  pt.  1  qt.  i  gal.  1  gal.    2  gal.  3  gal. 

Number  in  original  case 72       36         12        12 6  4 

Each,  net 33      .38        .67    1.00      2.17      3.33 

Per  dozen  in  original  case,  net 3.00     3.38      6.00    9.00    19.50    30.00 

22226.    Bottles,  Wide  Mouth,  same  quality,  etc.,  as  No.  22222. 

Capacity 1  oz.  2  oz.  4  oz.  }  pt.  1  pt.  1  qt.  }  gal.  1  gal.  2  gal. 

Number  in  6riginal  case 144    144       72      72      72      36        12        12  6 

Each,  net 21     .25       .29    .38      .42^.54      .92     1.33    3.00 

Per  dozen  in  original  case,  net.  1.88  2.25    2.63  3.38    3.75  4.88    7.50  12.00  27.00 

Prices  subject  to  change  without  notice 

ARTHUR  H.  THOMAS  COMPANY 

IMPORTERS  -  DEALERS-  EXPORTERS 

LABORATORY  APPARATUS  AND  REAGENTS 

WEST  WASHINGTON  SQUARE  PHILADELPHIA,  U.  S.  A. 
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De  Khotinsky 

ELECTRICALLY  HEATED  AND   REGULATED  CONSTANT 

TEMPERATURE  APPLIANCES 


These  appliances  hav^  been  developed  to  meet  the  re- 
quirements of  modernly  equipped  laboratories  where  constant 
temperature  is  imperative,  and  where  cleanliness,  safety  and 
convenience  make  the  use  of  the  electric  current  an  actual 
necessity. 

Besides  the  ovens  listed  below  the  line  includes  Water 
Baths,  Incubators,  Bomb  Furnaces,  etc.  Send  for  full  in- 
formation. 

4867E.  Drying  Oven.  Inside  dimensions,  7  in.  wide  by 
6|  in.  deep  by  10  in.  high.  Complete  with  four  60-watt  heating 
units  for  110  volts  D.  C Net  $  60.00 

4867F.  Drying  Oven.  Same  as  No.  4867E,  but  12  in. 
wide  by  11  in.  deep  by  14  in.  high.  Complete  with  four  115-watt 
heating  units  for  110  volts  D.  C Net      95.00 

4867G.  Drying  Oven.  Same  as  No.  4867E,  but  16  in. 
wide  by  14  in.  deep  by  19  in.  high.  Complete  with  four  140-watt 
heating  units  for  110  volts  D.  C .Net    150.00 

For  220-volt  D.  C.  or  110-volt  A.  C.  current,  add  $2.50  to  the 
above  prices.  For  220-volt  A.  C.  add  $5.00.  In  ordering  A.  C.  Ovens,  state 
number  of  cycles. 

CENTRAL  SCIENTIFIC  COMPANY 

(Like  Shore  Drive,  Ohio  and  Ontario  Streets) 
460  East  Ohio  Street  CHICAGO,  U.  S.  A. 
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Top  dressing  with  quick-acting  nitrogen  at 

the  right  time  is  one  of  the  most  profitable 

methods  of  fertilizing 


ARCADIAN 

SULPHATE  OF 

AMMONIA 


kiln  dried  and  ground,  is  especially  prepared  for  this  purpose.  It  can 
be  applied  with  a  grain  drill  ai  the  rate  of  loo  pounds  per  acre  or  less. 
This  saves  labor  and  increases  efficiency. 


(^H^^^  Company 

Successor  to  American  Goal  Products  Company 


Sales  depaxtment  agricultural  department 

17  Battery  PI.,  New  York  Athens,  Ga.;    Medina,  Ohio;    New  York 
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THE  UFE  OF 

CHILEAN  NITRATE  DEPOSITS 


A.  D.  1917 


Total 

Nitrate  Deposits 

in  Chile 


720 

Million 

Tons 


Estimated  life  of 

deposits  at  present 

rate  of  World's 

consumption 


For  reliable  information  write 


Upwards  of 

300 

Years 


DR.  WM.  S.  MYERS 

DIRECTOR 

CHILEAN  NITRATE  PROPAGANDA 

25  Madison  Ave.,  New  York 
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Red    Ctoss   Farm   Powders 

For  Preparing  Tree  Holes 

The  extensive  use  of  explosives  for  preparing  root-beds  of  fruit  and  ornamental  trees  is 
an  endorsement  of  this  method  of  tree-planting.  The  prevention  of  first-year  losses,  the  op- 
portunities for  root  expansion  and  deeper  penetration,  the  storage  of  moisture  and  more 
vigorous  growth  are  advantages  directly  traced  to  blasting  soil  before  planting  trees. 

Approved  by  Leading  Orchardists 

Hale,  the  "Peach  King,"  the  Starks,  Harrison  Bros.  Co.,  Craig  of  Virginia,  and 
other  widely-known  and  successful  fruit  growers  say: 

"We  lire  thoroughly  convinced  that  trees  planted  in  blasted  ground  are  insured  against 
firat-jrear  loss,  poor  root  development,  limited  feeding  areas,  lack  of  moisture  and  slow  growth.' ' 
If  you  have  trees  to  plant  for  profitable  or  ornamental  purposes,  our 

Free  Booklet  Tells  How 

to  safely  and  sanely  use  RED  CROSS  FARM 
POWDERS  to  blast  the  soil.  Do  not  plant 
your  trees  in  shallow,  spaded  holes.  See  how 
the  roots  in  blasted  soil  extend  over  wider  area 
and  penetrate  deeply  to  moisture-laden  strata 
to  where  plant  food  is  plentiful.  Plant  your 
trees  "for  keeps.*' 

Write  for  FREE  Booklet— ''Increasing  Or- 
chard Profits," 

E.  I.  du  Pont  de  Nemours 

and  Company 
WILMINGTON,  DELAWARE 
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INFORMATION  FOR  CONTRIBUTORS 

Son  Science  is  devoted  to  the  broader  outlook  of  the  entire  field  of  soil  fertility.  Articles  dealing 
with  the  more  important  facts,  observations,  deductions  and  problems  of  soil  biology,  soil  chemistry, 
and  soil  j  hysics  are  published.  Papers  devoted  to  plant  physiology,  agronomy,  bacteriology,  or  geol- 
ogy are  accepted  for  publication  if  they  contribute  directly  to  the  knowledge  of  soil  fertility.  The 
study  of  the  mineral  and  organic  constituents  of  soils,  soil  gases,  soil  water  as  a  solvent  of  soil  material, 
soil  colloids,  the  transformation  of  commercial  plant  foods  in  soils,  questions  that  deal  with  the  funda- 
mental facts  of  soil  fertility  and  productivity,  are  given  consideration.  The  phenomena  concerning  s<nl 
micro-organisms,  such  as  b^teria  molds,  protozoa,  and  algae,  receive  careful  attention. 

Manuscript  submitted  for  publication  and  communications  concerning  editorial  matters  should  be 
sent  to  Jacob  G.  Lipman,  New  Jersey  Agricultural  Experiment  Station,  New  Brunswick,  N.  J.,  U.  S.  A. 

Fifty  reprints  of  articles  will  be  furnished  gratis  to  contributors'  when  ordered  in  advance.  A 
table  giving  cost  of  additional  reprints,  with  an  order  slip,  is  sent  with  proof. 

INFORMATION  FOR  SUBSCRIBERS 

Soil  Science  is  iss  :e  i  monthly.  Each  monthly  issue  consists  of  approximately  85  pages.  Two 
volumes  a  year  are  issued  at  present.  Each  volume  consists  of  approximately  500  pages.  Subscrip- 
tions are  accepted  to  begin  with  the  first  number  of  the  volume  in  process.  'At  volumes  for  the  year 
begin  with  the  January  and  July  issues,  respectively.  The  subscription  price  is  $4.M  for 
Volumes  IV  (Nos.  1-6  inclusive)  and  V  (Nos.  1-6  inclusive)  July,  1917,  to  June,  1918  inclu- 
sive, United  States  and  dependencies.  An  additional  charge  of  25  cents  is  made  for  subscriptions  in 
Canada,  and  50  cents  for  subscriptions  in  foreign  countries.  Volumes  I,  II,  III,  can  be  f umisned  cota- 
plete  at  $3.00  a  volume.  United  States  and  dependencies;  $3.15,  Canada;  $3.25,  foreign  countries. 
Prices  are  net,  postpaid. 

Correspondence  concerning  business  matters  should  be  addressed  to  Williams  &  V^lkins 
Company,  2415^-2421  Greenmount  Avenue,  Baltimore,  U.  S.  A. 

Subscriptions  are  received,  to  include  volumes  IV  and  V: 

For  Argentina  and  Uruguay:  Beutelspacher  y  Cia,  Sarmiento  815,  Buenos  Aires,  Argentina. 

For  tlie  Britisli  Empire,  except  Gansida:  Mr.  C.  F.  Clay,  Manager,  The  Cambridge  Uni- 
versity Press,  Fetter  Lane,  London,  E.  C.  England.  Subscription  price,  per  year  (Vols.  IV  and  V), 
21s.  net,  postpaid. 

For  Canada:  Wm.  Dawson  &  Sons,  Ltd.,  87  Queen  Street,  East,  Toronto,  Canada.  SubscriptioD 
price,  per  year  (Vols.  IV  and  V),  $4.25,  postpaid. 

For  Japan  and  Korea:  Maruzen  Company,  Ltd.  (Maruzen-iCabushiki-Kaisha),  11-15  Nlhonbashl 
Tori-Sanchome,  Tokyo:  Fukuoka,  Osaka,  Kyoto,  and  Sendai,  Japan.  Subscription  price,  per  year 
(Vols.  IV  and  V),  ¥11.75  net,  postpaid. 

For  Italy:  Ulrico  Hoepli,  Milan,  Italy.  Subscription  price,  per  year  (Vols.  IV  and  V),  $4.50 
net,  postpaid. 

For  Switzerland :  Georg  &  Cie,  Freiestrasse  10,  Basel,  Switzerland.  Subscription  price,  per 
year  (Vols.  IV  and  V),  $4.50  net,  postpaid. 

For  United  States  and  otiier  countries  except  as  above:  Williams  and  Wilkins  Company, 
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The  AU-In-One 


For  Over  28  Legumes 

The  lo^cal  and  most  ecoDomical  means  of  maintaining  or  restoring 
soil  fertility  is  the  srowing  of  leguminous  cover  crops. 

Any  crop  demands  proper  physical  condition  and  chemical  reaction  of 
the  soil  before  it  can  succeed.  Legumes  require  in  addition  the  pres- 
ence of  the  symbiotic  bacteria  for  their  development. 

Instead  of  an  assortment  of  cultures  as  profuse  as  the  legumes  them- 
selves, we  have  introduced  into  the  one  medium  all  of  the  strains  of  B. 
radicicola  necessary  for  inoculating  the  28  legmnes  of  greatest  agricul- 
tural importance. 

The  use  of  a  finely  granular  organic  medium,  resistant  to  desiccation, 
provides  the  most  aerobic  conditions  which  insure  longevity  of  the 
organisms. 

In  addition,  Alphano  Inoculant  is  richly  impregnated  with  especially 
efficient  si>ecies  of  Azotobacter,  the  non-symbiotic  nitrogen  fixers. 

No  waiting  for  the  seed  to  dr^r.  The  material  adheres  to  the  seed  on 
simple  mixing,  and  is  ready  for  immediate  seeding. 

Compared  with  most  commercial  cultures,  Alphano  Inoculant  pro- 
vides the  necessary  legume  bacteria  at  half  the  cost. 

Further  information  and  samples  furnished  to  Experiment  Stations 
on  request. 

PRICES 
One  Acre  Size  Ten  Acre  Slie 


(Weight  approximately  2  pounds) 
$1.00 


(Weight  approximately  20  pounds) 
$8.00 


Alphano  Humus  Company 


17  Battery  Place 


New  York  Qty 
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SOME   FACTORS   INFLUENCING   THE   QUANTITATIVE   DETER- 
MINATION OF  NITRIC  NITROGEN  IN  THE  SOIL 

J.  E.  GREAVES  and  C.  T.  fflRST 

From  the  Utah  Agricultural  Experiment  Station 

Received  !or  publication  April  10,  1917 

For  a  long  time  man  has  been  intensely  interested  iq  studying  the  nitric 
nitrogen  of  the  soil.  He  has  learned  that  its  presence  in  a  soil  is  necessary 
for  the  production  of  plants,  and  hence  is  essential  to  his  own  existence.  The 
nitric  nitrogen  in  water  is  used  as  a  measure  of  its  purity.  Recently  it  has 
been  used' in  the  manufacture  of  many  synthetic  compoimds;  especially  is 
this  true  of  explosives.  Civilized  nations  have  therefore  come  to  prize  greatly 
those  substances  which  are  rich,  or  comparatively  rich,  in  nitric  nitrogen. 
Hence,  the  literature  on  the  subject  is  voluminous,  and  many  methods  have 
been,  developed  for  the  determination  of  nitric  nitrogen.  Some  of  these  are 
accurate  and  workable  if  used  on  the  substance  for  which  they  were  intended, 
and  is  used  imder  suitable  conditions.  Others  scarcely  reach  the  dignity  of 
qualitative  tests.  The  more  important  of  the  methods  have  been  listed  and 
described  by  others  (56,  18).  Hence,  it  is  needless  for  us  to  consider  them  in 
detail  here.  The  majority  of  the  methods  have  been  developed  for  the  de- 
termination of  nitric  nitrogen  in  water,  fertilizers,  and  various  substances 
comparatively  easy  to  handle.  Many  are  known  to  be  inaccurate  when  used 
on  substances  rich  in  chlorine,  while  others  are  unreUable  if  used  on  material 
high  in  organic  matter.  The  conditions  requisite  for  the  successful  use  ol 
some  of  the  methods  when  used  on  substances  high  in  soluble  salts  or  various 
colloidal  materials  are  not  fully  understood;  hence,  this  work  has  been  under- 
taken with  the  hope  of  perfecting  a  method  suitable  for  the  determination 
of  nitric  nitrogen  in  soils,  especially  those  rich  in  soluble  salts. 

A  method  for  the  determination  of  nitric  nitrogen  in  soil  must  be  accurate 
when  applied  to  substances  containing  either  much  or  little  nitric  nitrogen. 
It  must  be  accurate  when  used  on  soils  having  large  quantities  of  soluble  salts 
and  those  containing  large  amounts  of  organic  matter.  It  should  be  fairly 
easy  of  manipulation  so  that  a  great  number  of  determinations  can  be  made 
in  a  short  time. 

This  last  factor  would  eUminate  all  of  the  gasometric  methods,  for,  while 
accurate,  they  require  considerable  time  as  well  as  expensive  complicated 
apparatus.  The  Busch  nitron  (11)  method  is  not  applicable  to  soil  as  there 
are  many  substances  in  the  soil  which  interfere  (31,  39)  in  the  method,  and 
moreover,  the  reagent  is  very  expensive.    Organic  matter  interferes  in  the 
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Devarda  (14),  Tiemann-Schulze  (22),  Baussingault  indigo  (23)  and  Scfalosing 
(38)  methods,  while  organic  matter  is  claimed  to  be  without  effect  on  the 
Ukch  (41)  method. 

Results  obtained  by  the  electrolytic  reduction  method  vary  with  a  niunber 
of  factors,  namely,  the  concentration  (25)  of  the  add,  strength  of  current, 
kind  of  cathode  (36),  the  deposition  of  copper  at  the  cathode,  whether  smooth, 
spongy,  or  amalgamated,  while  chlorides  (53)  if  present  interfere. 

The  sodium  amalgam  method  yields  a  mixture  of  products  (15)  according 
to  the  conditions  of  the  experiment.  Among  these  are  nitrogen,  nitrous 
oxide,  hydroxylamine,  hyponitrite  and  ammonia.  The  ti;i  reduction  method 
is  not  reUable  in  the  presence  of  organic  matter,  and  the  reduction  to  hy- 
droxylamine is  not  quantitative  (28).  Furthermore,  neither  it  (32)  nor  the 
phenylamin'e  (16)  method  is  applicable  in  the  presence  of  ferric  salts. 

The  titration  of  nitrates  with  ferrous  sulfate  (5)  is  not  suitable  for  the 
determination  of  small  quantities,  while  chloridejs  intc^ere.  The  results  of 
the  brucine  method  (29)  vary  with  the  acid  and  are  not  quantitative.  The 
phenoldisulphcnic  acid  method,  while  probably  one  of  the  most  accurate  for 
the  determination  of  nitric  nitrogen,  is  not  applicable  to  colored  solutions 
unless  first  clarified  and  the  organic  matter  oxidized  (49)  and  soil  salts — es- 
pecially the  chlorides  and  sulfates — cause  a  loss  of  nitrates  (30,  45). 

The  iodometric  (19,  54)  method  is  unsuited  for  the  determination  of  nitrates 
in  soil,  as  many  factors  interfere  and  the  distillation  must  be  conducted  in  a 
current  of  carbon  dioxide.  Even  imder  this  condition  it  is  far  from  being  as 
accurate  as  many  of  the  other  methods. 

Alberti  and  Hempel  (1)  obtained  excellent  results  with  the  Ulsch  method 
on  both  pure  nitrates  and  complex  manures.  L.  von  Wissel  (54)  used  the 
Devarda  and  the  Ulsch  methods  en  solutions  containing  16.5  per  cent  of 
nitrates.  With  the  Ulsch  method  he  recovered  16.38  per  cent,  while  with 
that  of  Devarda  he  obtained  16.42  per  cent.  Schm5ger  (43)  in  comparative 
tests  with  the  Raab-Bottcher,  Ulsch,  Devarda,  and  Kjeldahl-Foster  methods 
obtained  low  results.  Klut  (27)  considered  the  Schulze-Tiemann  method 
best  for  the  determination  of  nitric  nitrogen  in  water  and  sewage,  with 
the  Ulsch  method  as  a  second  choice.  Bartow  and  Rogers  (4)  compared 
the  aluminum  reduction,  the  phenoldisulphonic  acid,  and  the  brucine  sulfuric 
acid  methods  on  water  of  known  nitrate  content;  none  of  the  results  were 
satisfactory,  as  indicated  by  many  wide  differences  in  the  check  determinati6ns 
of  the  same  method.  The  aluminum  reduction  method  was  then  carefully 
investigated  and  adopted  as  best  for  the  water  containiag  chlorides.  Burgess 
(27)  investigated  the  aluminum  reduction  method,  using  solutions  of  known 
nitrate  content,  and  pronounced  the  method  accurate  even  in  the  presence  of 
large  quantities  of  soluble  salts  and  organic  matter. 

From  the  above-cited  literature  it  may  be  seen  that  none  of  the  methods 
appear  to  be  wholly  without  objections,  but  in  so  far  as  their  use  in  the  pres- 
ence of  large  quantities  of  soluble  salts  and  organic  matter  is  concerned  the 
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aluminum  reduction  and  the  Ulsch  methods  are  best.  Therefore,  in  this 
work  we  have  investigated  these  two  methods,  and  on  account  of  its  extreme 
accuracy  in  the  absence  of  chlorides,  sulfates,  and  soluble  organic  matter,  and 
because  of  the  fact  that  the  conditions  of  its  use  have  been  so  carefully  in- 
vestigated (13),  we  have  used,  wherever  practicable,  the  phenioldisulphonic 
acid  method  for  comparison.  The  methods  as  used  were  therefore  the 
aluminum  reduction  as  modified  and  described  by  Burgess  (10),  the  phenol- 
disulphonic  acid  method  as  described  by  Stewart  and  Graves  (46),  and  the 
Ulsch  method  as  described  by  Ulsch  (51). 

In  place  of  the  specially  constructed  pear-shaped  glass  tube  used  by 
Ulsch  we  have  used  in  the  neck  of  the  reduction  flask  a  2-hole  stopper  through 
which  passes  a  bent  tube  which  dips  into  a  vessel  containing  water.  Through 
the  other  opening  in  the  stopper  is  passed  a  separatory  funnel.  This  pre- 
vents the  loss  of  any  of  the  nitrate  or  ammonium  sulfate  due  to  the  mechanical 
action  of  the  rapidly  evolved  hydrogen.  It  also  makes  possible  the  addition 
of  the  sulfuric  acid  in  small  quantities,  thus  insuring  complete  reduction  with 
smaller  quantities  of  both  iron  and  sulfuric  add  than  when  the  acid  is  all 
added  at  once.    A  series  in  operation  is  shown  in  Plate  I. 

PREPARATION  OF  A  CLEAR  FILTRATE 

The  investigator  of  "alkali  soils"  has  difl&culty  in  obtaining  a  dear  fil- 
trate because  in  the  watery  extract  of  such  soils  we  often  find  the  degree  of 
dispersion  of  the  colloidal  disperse  phase  so  great  and  in  such  a  stable  form 
that  the  solution  may  be  kept  for  years  (7)  without  flocculation.  Further- 
more, the  partides  of  such  a  disperse  phase  are  so  small  that  it  is  impossible 
to  separate  them  by  means  of  filtration.  It  is,  however,  imperative,  especially 
when  using  the  phenoldisulphonic  add  method,  that  the  soil  extract  be  free 
from  colored  colloidal  material.  Still  further,  no  work  has  been  done,  so  far 
as  we  know,  to  ascertain  the  influence  of  these  colloids  on  the  various  reduc- 
tion methods.  It  is  quite  possible  that  if  the  colloidal  material  be  protein- 
aceous  in  nature,  subsequent  treatment  may  yield  from  it  ammonia  which 
would  thus  vitiate  the  results.  It  is,  therefore,  essential  that  we  have  reli- 
able methods  of  preparing  a  clear  aqueous  solution  of  the  soil  nitrates.  The 
ideal  method  would  be  one  which  yielded  a  clear  solution  without  filtration. 
This  would  necessitate  the  addition  of  a  flocculant  to  the  soil  infusion  and 
such  a  substance  should  be  rapid  in  action,  remove  only  a  minimum  quantity 
of  the  nitrate  from  solution  and  must  not  interfere  with  the  sensitiveness  of 
the  method. 

In  our  search  for  such  an  agent  we  have  been  guided  by  two  main  lines  of 
evidence;  first,  those  substances  which  have  proved  most  effident  in  floccu- 
lating other  colloids  from  their  dispetsing  media  probably  would  be  most 
eflident  for  soQ;  second,  various  flocculants  have  been  used  and  reconunended 
by  others  workers  on  similar  soils. 
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The  work  of  Linder  and  Picton  (33)  is  espedally  valuable  in  this  connec- 
tion, as  they  tested  the  precipitating  powers  of  various  salts  on  arsenious 
sulfide  solution.  Aluminum  sulfate  was  the  most  ef&dent  compound  used, 
followed  by  alimiinum  chloride.  Ferric  sulfate  was  only  about  one- third 
and  calcium  salts  were  only  one-foiu:th  as  eflFective,  while  it  required  3200 
times  as  much  sodium  chloride  as  aliuninum  sulfate  to  bring  about  the  same 
effect.  Furthermore,  McGeorge  (34)  has  found  aluminum  sulfate  the  most 
efficient  flocculant  for  clay.  But  while  Wolkoff  (58)  found  the  aluminum 
compounds  among  the  best,  there  was  a  great  variation,  depending  upon  the 
soil.  This  is  a  fact  which  may  be  expected  when  we  recall  Hardy's  rule  that 
the  precipitating  power  of  an  electrolyte  for  a  colloid  depends  on  the  valence 
of  the  ion  which  carries  the  electric  charge  opposite  to  that  of  the  dispersoid. 
The  colloids  found  in  the  soil  may  be  either  the  electro-negative  colloid,  clay, 
or  the  positive  or  negative  organic  colloid. 

Buhlert  and  Fickendey  (9)  recommended  the  addition  of  2  per  cent  of 
sodium  chloride,  while  King  and  Whitson  (26)  used  potassium  alum.  But 
the  quantity  of  alum  recommended  by  them  gave  with  some  soils  (44)  a 
cloudy  solution  which  had  to  be  filtered  before  it  could  be  read  in  the  colorim- 
eter. Furthermore,  in  the  presence  of  sulfates  there  is  a  loss  of  nitrates 
when  the  phenoldisulphonic  add  method  is  used.  Chamot  (12)  and  co- 
workers found  aluminum  cream  the  best  predpitating  agent  of  several  tested 
for  organic  matter,  and  that  it  occasioned  no  loss  of  nitrates.  But  Lipman 
and  Sharp  (30)  found  potassium  alum,  aluminum  cream,  and  bone  black  all 
deddedly  imreliable,  as  they  all  induced  losses  of  aitrates  in  the  phenoldi- 
sulphonic add  method.  They  found  Ume  to  be  much  more  reliable,  the 
losses  of  nitrates  incurred  through  its  use  being  small.  But  it  must  nc  t  be 
used  in  this  method  in  connection  with  chloroform,  as  the  double  decomposi- 
tion which  takes  place  under  this  condition  forms  chlorides,  thus  interfering 
with  the  acciurate  determination  of  nitrates  (47).  We  have  used  very  exten- 
sively in  our  work  (46)  on  soil  nitrates  the  Chamberland-Pasteur  filter,  which 
gi^es  a  dear  solution  and  occasions  only  slight  losses  of  nitrates  (8). 

From  the  above  review  it  would  appear  that  the  most  likely  flocculants 
are  sodium,  potassium,  and  iron  alum,  ferric  sulfate,  lime,  finely  predpitated 
calcium  carbonate,  and  talc.  Hence,  these,  together  with  the  Chamberland- 
Fdfiteur  filter  and  the  centrifuge,  were  tested  on  two  soils — one  a  brickyard 
day,  the  other  very  high  in  organic  matter. 

Two  grams  of  each  reagent  were  used  in  500  cc.  of  water  "containing  100 
grams  of  the  soil.  The  mixtures  were  shaken  for  ten  minutes  in  a  mechanical 
shaker  and  then  stood  upright.  After  standing  for  ten  minutes  most  of  the 
solutions  were  quite  clear  and  were  pipetted  off.  They  were  compared,  the 
one  with  the  other,  in  a  colorimeter  with  the  result  that  a  colunm  100  cm. 
deep  of  the  lime-teated  solution  had  a  tiirbidity  equivalent  to  a  column  of  the 
potassium-alum-treated  soil  40  cm.  deep;  the  sodium-alum-treated  27  cm.;  the 
ferric-sulfate-treated  26  cm.;  and  the  ferric-alum-treated  solution  24  cm.  deep. 


Digitized  by 


Google 


DETERMINATION  OF  NITRIC  NITROGEN  IN  THE  SOIL  183 

Both  soil-water  mixtures,  without  a  fiocculant,  were  clear  after  centrifuging 
fifteen  minutes  at  a  speed  of  1200  revolutions  per  minute.  Soil-water  mixtures 
to  which  calcium  carbonate  or  talc  had  been  added  were  not  clear  after  standing 
several  hours. 

The  quantity  of  nitric  nitrogen  in  the  clear  solution  was  determined  by  the 
aluminum  reduction,  the  Ulsch  reduction,  and  the  phenoldisulphonic  acid 
methods.  The  average  results  obtained  for  the  day  soil  are  given  in  table  1, 
while  those  for  the  soil  high  in  organic  matter  are  given  in  table  2.  Deter- 
minations were  made  of  the  nitric  nitrogen  in  20  grams  of  soil,  also  determina- 
tions of  the  quantity  in  20  grams  of  soil  to  which  had  been  added  10  mgm. 
of  nitric  nitrogen.  In  place  of  reporting  the  results  for  each  separate  deter- 
mination we  have  reported  the  average,  together  with  the  standard  deviation, 
according  to  the  following  formula: 


Ifn(n-l) 


in  which  S  =  the  sum  of  the  squares  of  the  difiFerence  between  each  result 
and  the  average  of  all  the  determinations;  and  n  «  the  number  of  determina- 
tions in  the  average. 

It  was  thought  unnecessary  to  use  the  phenoldisulphonic  add  method  in 
the  presence  of  any  of  the  sulfates,  as  previous  workers  have  shown  these 
substances  to  interfere  with  the  accuracy  of  the  method. 

The  results  obtained  on  the  soil  alone  by  the  Ulsch  method  are  invariably 
higher  than  those  obtained  by  either  of  the  other  methods.  They  are  also  more 
uniform  in  the  method  of  Ulsch  than  in  the  other  methods.  Furthermore, 
as  may  be  seen  from  an  examination  of  the  reported  standard  deviation,  the 
agreement  between  duplicate  determinations  is  better  than  with  the  other 
methods.  The  greatest  deviation  in  the  Ukch  method  is  only  ='=0.14.  In  the 
aluminum  reduction  method  it  is  =^0.39,  while  in  the  phenoldisulphonic  acid 
method  it  is  =^  1.235,  but  in  this  case  the  error  is  great  when  calcium  carbonate 
was  used  as  the  flocculant  and  the  solutions  were  very  turbid  when  ana- 
lyzed. But  even  with  allowance  for  this,  the  variation  between  duplicates 
is  much  greater  than  with  either  of  the  other  methods,  for  we  find  that  the 
error  is  great  even  where  the  solution  was  filtered  or  centrifuged.  These  solu- 
tions were  dear,  but  the  colored  soluble  colloids  which  are  often  in  soil  solu- 
tions, and  which  it  is  impossible  to  remove  without  oxidation  interfere  in  the 
phenoldisulphonic  add  method. 

The  average  quantity  of  nitric  nitrogen  recovered  by  the  Ulsch  method 
where  10  mgm.  of  nitric  nitrogen  were  added  to  the  soil  with  the  various  floc- 
culants  was  99  per  cent.  The  minimum  quantity  (93  per  cent)  was  obtained 
where  the  centrifuge  was  used,  and  the  maximum  (101  per  cent)  where  the 
iron  alum  was  used.  The  average  for  the  aluminum  reduction  method  was 
92  per  cent,  the  minimum  (88  per  cent)  where  the  talc  was  used,  and  the 
maximum  (97  per  cent)  where  the  iron  alum  was  the  flocculant.    The  varia- 
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tion  in  results  where  the  phenoldisulphonic  acid  method  was  used  is  very 
great,  amounting  in  the  extreme  to  over  100  per  cent.  It  is  interesting  to 
note  that  where  the  calcium  carbonate  was  used  as  the  flocculant,  usually 
greater  quantities  of  nitrates  were  recovered  than  when  the  other  clarifjring 
agents  were  used.  This  n:ay  be  due  to  the  absorption  of  some  of  the  nitrate 
by  the  flocculated  colloid  or  to  the  precipitant  carrying  down  mechanically 
some  of  the  nitrates  with  the  colloids,  or  in  the  turbid  solutions  the  fine  ma- 
terial left  in  suspension  may  contain  nitrogen  compounds  which  on  subsequent 
treatment  yield  ammonia.  This  latter  explanation  does  not  seem  plausible  on 
examination  of  the  results  given  in  table  2,  where  we  have  a  loam  soil  rich  in 
organic  matter.  In  this  series  the  increase  where  talc  or  calcium  carbonate  is 
used  as  the  flocculant  is  no  greater  than  it  was  with  the  day  soil,  yet  the  sus- 
pended nitrogen-carrying  colloid  and  soluble  organic  matter  would  be  several 
times  greater  in  the  loam  than  in  the  day  soil. 

The  results,  as  a  whole,  for  the  loam  soil  are  similar  to  those  obtained  with 
the  day.  The  Ulsch  reduction  method  invariably  gives  the  highest  results 
with  the  least  standard  deviation.  Moreover,  the  average  nitric  nitrogen 
recovered  with  the  Ulsch  method  was  over  99  per  cent  of  the  10  mgm.  of  nitric 
nitrogen  which  had  been  added  to  the  soil,  while  the  aliuninum  reduction, 
method  recovers  only  95  per  cent,  and  the  phenoldisulphonic  add  method 
3delds  103  per  cent;  hence,  with  both  soils  the  best  average  and  individual 
results  have  been  obtained  with  the  Ulsch  reduction  method.  Further,  there 
would  appear  to  be  a  number  of  objections  which  may  be  brought  against  the 
aluminum  reduction,  method,  as  proposed  by  Burgess.  The  method,  as  out- 
lined by  him,  permits  of  an  appreciable  loss  of  anmionia  as  one  can  invariably 
detect  the  odor  of  ammonia  on  removing  the  stopper  from  the  reduction 
tube,  and,  this  being  the  case,  there  would  be  a  small  loss,  and  the  results 
which  have  been  reported  in  the  preceding  tables  indicate  that  this  is  a 
measurable  quantity.  It  is  necessary  that  reduction  take  place  in  a  thermo- 
stat where  the  temperature  can  be  carefully  controlled,  in  order  to  obtain 
even  fair  results,  and  it  requires  several  hours  for  complete  reduction.  More- 
over, even  under  these  conditions  we  often  find  tubes  in  which  little  or  no 
reduction  has  taken  place,  owing  to  coatings  which  may  be  on  the  fresh  alu- 
minum (35),  or  which  may  deposit  from  the  soil  solution.  Hence,  the  Ulsch 
reduction  method  would  appear  to  be  better  suited  to  the  determination  of 
nitric  nitrogen  in  soil  than  the  alimdnum  reduction  method. 

There  is  nothing  in  these  results  which  would  indicate  that  a  greater  error 
is  introduced  by  the  use  of  the  Chamberland-Pasteiir  filter  than  by  the  use 
of  a  flocculant,  and  it  is  certain  that  where  the  phenoldisulphonic  acid  method 
is  to  be  used  the  solution  should  be  prepared  by  centrifuging  or  filtering 
through  the  Chamberland-Pasteur  filter.  With  the  Ulsch  method  results  so 
far  reported  indicate  that  quick  lime  or  alum  may  be  permissible,  as  they 
give  dear  solutions  with  a  considerable  saving  of  time. 

But  Patten  and  Snyder  (37)  found  that  where  lime  had  been  used  as  the 
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flocculant,  both  the  phenoldisulphonic  acid  and  the  aluminum  reduction 
methods  gave  low  results.  Moreover,  they  claim  that  calcium  carbonate  is 
just  as  efficient  in  clarifying  soil  solutions  as  is  lime;  but  this  is  not  in  keeping 
with  our  experience,  for  many  of  the  soil  solutions  with  which  we  have  to 
deal  and  to  which  either  calcium  carbonate  or  talc  have  been  added  are  not 
clear  even  ^ter  standing  several  hours.  For  these  reasons  we  have  used  the 
Ulsch  method  on  solutions  which  have  been  clarified  by  both  lime  and  alum  to 
determine  the  minimum  quantity  of  these  flocculants  necessary  to  produce  a 
clear  solution  and  to  determine  the  influence  of  varying  quantities  upon  the 
accuracy  of  the  method.  The  average  results  from  such  a  test  are  given  in 
table  3.  They  are  the  average  of  four  or  more  determinations.  The  deter- 
minations were  made  at  different  times  and  on  two  different  soils,  hence  are 
not  directly  comparable  the  one  with  the  other,  but  each  is  comparable  where 
it  received  different  quantities  of  the  respective  flocculant.  Both  were  rich 
greenhouse  soils. 

TABLE  3 
NUric  nitrogen  found  in  100  grams  of  soil  to  which  various  quantities  of  lime  and  alum  had 

been  added 


mLLIORAUS  OF  NTROOXN  VOUND  IN   100  GRAMS  OV  SOIL*  IN  THK  PSKSKNCB  OF 

Lime 

Standard  deviatbn 

Alum 

Standard  deviation 

grams 
0.5 
1.0 
2.0 
5.0 

19.00 
18.30 
18.20 
18.00 

If    If    If    If 

p  o  o  o 

9.14 
9.17   • 
9.31 

=*»0.014 
*0.014 
=^=0.042 

It  may  be  seen  from  the  results  reported  in  tables  1  and  2  that  solutions 
which  have  been  treated  with  lime  gave  low  results  as  compared  with  others 
which  were  clarified  by  the  centrifuge  or  the  Chamberland-Pasteur  filter,  and 
from  the  results  in  table  3  we  find  that  the  quantity  of  nitric  nitrogen  recov- 
ered from  a  soil  varies  with  the  quantity  of  lime  added.  Furthermore,  as 
may  be  seen  from  the  results  reported  xmder  "standard  deviation,"  the  agree- 
ment existing  between  determinations  made  on  samples  containing  the  same 
quantities  of  nitric  nitrogen  and  lime  do  not  agree.  But,  even  in  the  presence 
of  lime,  in  none  of  our  work  with  the  Ulsch  method  have  we  obtained  such 
variation  as  is  reported  by  Patten  and  Snyder  when  the  aliuninum  reduction 
or  phenoldisulphonic  acid  methods  are  used.  But  it  is  evident  that  lime  does 
interfere,  even  in  the  Ulsch  method. 

Where  alimi  was  used  as  the  flocculant,  clear  solutions  were  obtained  with 
0.5  gram  and  it  is  not  likely  that  more  than  2  grams  would  ever  be  required 
to  clarify  the  solutions  from  any  soil.  The  results  obtained  with  this  floccu- 
lant are  slightly  high  and  can  readily  be  obviated  by  using  in  the  check  on  the 
chemicals  the  same  quantity  of  alum  as  has  been  applied  to  the  soil.    It  is 
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important  to  note  that  the  variation  between  different  determinations  is  very 
small  where  alimi  was  used  as  the  flocculant.  . 

The  low  results  obtained  in  the  presence  of  lime  are  not  due  to  the  removal 
by  the  lime  of  colloidal  organic  material,  which,  if  left  in  solution,  may  in  sub- 
sequent treatment  break  down  and  yield  ammonia,  for  similar  low  results  are 
obtained  when  lime  is  added  to  a  pure  solution  of  sodium  nitrate,  as  may  be 
seen  from  the  results  given  in  table  4. 

TABLE  4 
Nitric  nitrogen  recovered  from  solutions  of  sodium  nitrate  containing  various  flocculants 


OONTKNIS  or  SOLUnON  USKD 


40  mgm.  nitric  nitrogen 

40  mgm.  nitric  nitfogen  +  5  grams  lime 

40  mgm.  nitric  nitrogen  +  2  grams  alum 

40  mgm.  nitric  nitrogen  +  10  grams  CaCOs. 
40  mgm.  nitric  nitrogen  +  10  grams  talc 


NITRIC  NITROOXN 
rOUNO 

STAND  ASD 
DKVZATIOK 

mgm. 

39.88 

±0.150 

38.84 

=^=0.599 

39.93 

=^0.128 

39.09 

=^0.420 

39.50 

=^0.193 

There  is  nothing,  in  these  results  which  could  be  taken  to  indicate  that  alum 
interferes  in  the  Ulsch  method  any  more  than  does  the  calcium  carbonate  and 
talc.  But  there  is  a  small  loss  where  the  lime  is  used*  The  variation  between 
determinations  is  no  greater  where  the  aliun  was  used  than  in  its  absence, 
while  where  the  lime  has  been  used  the  variation  between  determinations  is 
comparatively  large.  Hence,  it  would  appear  that  potassium  alum  gives  a 
clear  solution  with  a  minimum  loss  of  nitric  nitrogen  and  does  not  appreciably 
interfere  with  the  accuracy  of  the  method. 

TIME  OF  EXTRACnON 

The  time  necessary  for  water  added  to  a  soil  to  dissolve  the  nitric  nitrogen 
within  that  soil  may  vary  greatly  with  the  condition  of  the  soil  when  the  water 
is  added,  as  well  as  the  treatment  given  the  soil-water  mixture.  But  if  the 
water  be  not  left  in  contact  with  the  soil  for  a  sufficient  length  of  time,  some 
particles  may  not  be  wet;  hence,  some  of  the  nitric  nitrogen  will  be  left  un- 
extracted — if  left  too  long,  dentrification  may  take  place.  Yet  we  find  a 
large  variation  in  the  time  recommended  by  different  workers.  King  and 
Whitson  (26)  extracted  the  soil  in  a  mortar  with  continual  grinding  for  two 
minutes,  and  this  is  the  time  which  has  been  used  very  extensively  by  us 
(46).  Buhlert  and  Fickenday  (9)  agitated  the  soil  with  water  for  one-fourth 
of  a  minute  at  intervals  of  five  minutes  for  thirty  minutes  and  then  filtered. 
A  similar  procedure  was  used  by  Gutzeit  (20),  while  others  (55)  extracted  for 
two  hours.  Sazanov  (40)  found  that  longer  contact  of  the  water  with  the 
soils  than  enough  to  aUow  the  soils  to  settle  leads  to  a  loss  of  nitrates. 

In  order  to  obtain  more  exact  information  on  this  subject  we  have  extracted 
100-gram  portions  of  soil  containing  2  grams  of  aliun  with  500  cc.  of  water  foe 
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varying  lengths  of  time.  A  rich  greenhouse  soi]  was  used.  It  was  mixed  with 
tfae  water  in  1000-cc.  bottles  and  shaken  in  a  mechanical  shaker  for  time  in- 
dicated, then  allowed  to  stand  long  enough  to  settle — which  was  not  over  ten 
minutes — ^and  the  nitric  nitrogen  determined.  The  average  results  from  four 
or  more  determinations  are  given  in  table  5. 

TABLES 
Nitric  nitrogen  extracted  from  soil  in  given  time 


TIMB  aSAXBN 

xiLuavAMS  or  nttrc  NmoosN 

lOUND  XM   100  OKAMS  Ot  SOIL 

STANDAXO  DBVIATION 

mmuUs 

5 

21.70 

*0.02 

10 

21.70 

*0.06 

15 

21.30 

*0.03 

30 

21.90 

=^0.03 

35 

21.90 

=fc0.03 

40 

21.20 

*0.04 

These  results  indicate  that  nothing  is  to  be  gained  by  shaking  the  soil 
with  the  water  longer  than  five  muiutes.  But  it  must  be  borne  in  mind  that 
these  tests  were  carried  out  on  finely  powdered  soil  and  not  upon  lumps,  and, 
furthermore,  it  was  thoroughly  agitated  during  the  time  it  was  in  the  shaker. 

RATIO  OF  SOIL  TO  WATER 

We  find  different  workers  vary  the  ratio  of  water  to  soil.  Fricke  (17)  and 
Schmidt  (42)  with  fertilizers  used  one  part  of  sample  to  fifty  parts  of  water. 
Litzendorff  (31)  used  one  part  of  soil  to  two  parts  of  water.  Buhlert  (9)  and 
Gutzeit  (20)  used  one  part  of  soil  to  either  one  or  one  and  one-half  parts  of 
water.  King  and  Whitson  (26)  used  one  part  of  soil  to  five  parts  of  water,  and 
this  is  the  ratio  which  is  used  by  many  workers  at  the  present  time.  We 
have  made  the  determinations  of  nitric  nitrogen  in  soil,  and  soil  to  which 
dried  blood  was  added,  using  various  ratios  of  water  to  soil,  while  all  of  the 
other  conditions  were  held  the  same  on  all  samples.  The  average  results 
for  four  or  more  determinations  are  given  in  table  6. 


TABLE  6 

Nitric  nitrogen  extracted  from  soil  with  various  quantities  of  water 

XATIO  OV  SOIL  TO 
WATBR 

lOLUOBAMS  OF  NITRIC 

NmOGBN  IN  100 

ORA118  80IL 

8TANDABD  DBVIATION 

mLUOBAllS  oi  Ninic 
NinOGBN  IN  100 
GRAMS  SOIL  CON- 
TAINING 2  PBR  CBNT 
DRIBD  BLOOD 

SrAMOARD  DBVIATION 

1-5 

8.93 

^Q.QU 

9.80 

*0.056 

1-10 

8.82 

«t0.034 

9.10 

=^0.052 

1-15 

8.70 

*0.033 

9.80 

=^0.008 

1-20 

8.75 

=*=0.028 

9.45 

±0.028 

1-25 

8.95 

«*=0.029 

9.38 

«t0.052 
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The  difiPerence  found  is  only  what  could  be  attributed  to  experimental 
error.  Hence,  we  may  conclude  that  the  ratio  of  soil  to  water  is  imma- 
terial, provided  we  do  not  add  sufficient  nitric  nitrogen  to  give  a  saturated 
solution.  But  it  is  important  that  the  water  in  the  sample  be  taken  into  con- 
sideration. The  facts  that  the  same  quantity  of  nitric  nitrogen  is  extracted 
with  the  varying  quantities  of  water  and  that  practicaDy  100  per  cent  of  the 
nitric  nitrogen  added  to  the  soil  is  recovered  in  the  various  experiments  re- 
ported in  this  work,  make  it  very  doubtful  if  Allen  and  Bonazzi's  (2)  contentions 
are  justified,  that  the  determination  of  the  nitric  nitrogen  in  the  water  extract 
does  not  give  a  determination  of  the  nitric  nitrogen  in  the  soil. 

USE  OF  AN  ANTISEPnC 

The  majority  of  workers  assume  that  if  the  soil  is  to  stand  in  contact 
with  the  water  any  length  of  time,  an  antiseptic  should  be  added.  Yet,  we 
have  no  definite  information  on  the  quantity  which  should  be  added  in  order 

TABLE? 
NUric  nitrogen  recovered  from  soil  after  varying  lengths  of  time 


MILUaftAKS  OV  NIIKOOBK  UBOOVUSD  IK 

ran 

.•a 
8 

1 

8 

i 

CO 

100  grams  toU 
+   20  mgm. 
nitric    nitro- 
gen 

li 

CO 

If 

Nitric  nitrogen  at  first 

36.85 
38.53 
34.00 
26.00 
19.90 

^0.03 
^0.03 
*0.02 
=»=0.10 
*0.02 

53.35 
57.44 
55.28 
50.40 
46.24 

^0.35 
=^0.28 
*0.30 
^0.06 
«*=0.60 

72,85 
74.23 
70.00 
67.20 
53.95 

^0.16 

Nitric  nitrogen  after  24  hours 

=^0.07 

Nitric  nitrogen  after   48  hours 

^0.04 

Nitric  nitzosen  after  120  hours 

^0.13 

Nitric  nitrogen  after  144  hours 

^0.22 

to  be  effective,  and,  in  many  cases,  the  quantity  added  may  actually  acceler- 
ate instead  of  retard  or  stop  the  biological  transformations  going  on  in  the 
soil.  Moreover,  it  is  not  inmiaterial  as  to  what  antiseptic  be  used,  for  chloro- 
form (47)  used  in  the  presence  of  lime  with  the  phenoldisulphonic  add  method 
gives  inconsistent  results. 

In  order  to  determine  the  error  which  may  enter,  due  to  the  standing  of  the 
soil  solution,  we  treated  100-gram  portions  of  a  rich  garden  soil  with  water 
and  varying  quantities  of  nitric  nitrogen  and  determined  the  quantity  of 
nitric  nitrogen  present  after  var3dng  lengths  of  time.  The  average  results 
for  a  number  of  determinations  are  given  in  table  7. 

It  is  interesting  to  note  that  no  nitrogen  is  lost  from  the  solution  con- 
taimng  only  alum  during  the  first  twenty-four  hours,  and  the  amoimt  lost 
during  the  first  forty-eight  hours  where  th)rmol  was  used  amounts  to  less  than 
3  mgm.    It  must  be  remembered  that  this  is  a  soil  heavily  laden  with  horse 
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maxiure.  The  solutions  to  which  thymol  had  been  added  lost  no  nitrogen 
during  the  first  forty-eight  hours,  but  by  the  end  of  one  hundred  and  forty- 
four  hours  practically  all  of  the  nitric  nitrogen  had  disappeared.  This  may 
have  been  due  to  dentrification,  or  to  the  rapid  multiphcation  of  other  micro- 
organisms within  the  solutions  which  were  favored  by  the  thymol  and  had 
transformed  the  nitWc  nitrogen  into  protein  within  their  bodies. 

Where  chloroform  was  used  the  loss  was  very  sHght,  even  after  one  hun- 
dred aif d  forty-four  hours,  but  it  is  interesting  to  note  that  where  the  th)rmol 
or  chloroform  was  used  the  results  are  higher  than  in  their  absence.  This  is 
not  due  to  the  prevention  of  bacterial  growth,  for  the  results  are  higher  jit 
first  in  the  presence  of  the  antiseptic  than  in  its  absence.  And  we  have  found 
this  to  be  the  case  in  many  other  tests  which  are  not  reported  here.  Further- 
more, in  the  absence  of  thymol  and  chloroform  where  the  20  or  40  mgm.  of 
nitric  nitrogen  were  added,  practically  100  per  cent  was  recovered  in  the  three 
determinations  made  during  the  first  forty-eight  hours,  but  where  the  antiseptic 
Was  added,  especially  the  chloroform,  the  quantity  recovered  is  often  consid- 
erably greater  or  less  than  that  added. 

However,  the  quantity  of  nitric  nitrogen  lost  from  a  mixture  of  soil  and 
fresh  horse  manure  may  be  considerable,  even  where  the  2  grams  of  alum 
have  been  used  as  a  flocculant,  as  is  seen  by  the  following  results. 


Limi 

ALUM 

Milligrams  of  nitric  nitrogen  found  at  first 

48.34 
45.53 
44.50 
45.80 

48.94 

Mniigrams  of  nitric  nitrogen  found  after  24  hours 

Milligrams  of  nitric  nitrogen  found  after  72  hours 

Milligrams  of  nitric  nitrogen  found  after  96  hours 

41.58 
22.42 
20.30 

Here  we  find  no  loss  of  nitric  nitrogen  during  the  first  twenty-four  hours 
either  in  the  soil  solution  or  in  that  to  which  sodium  nitrate  had  been  added, 
and  even  after  forty-eight  hours  the  loss  was  extremely  small.  Repeated 
tests  on*  ordinary  fertile  soil  kept  at  24°C.  in  solutions  showed  no  loss  after 
twenty-four  hours  and  the  loss  was  always  very  small  after  forty-eight  hours. 

That  the  added  antiseptic,  if  used  in  too  small  a  quantity,  may  actually 
increase  bacterial  activity  and  thus  increase  the  loss  of  nitric  nitrogen,  may  be 
seen  from  the  results  reported  in  table  8.  In  this  series  a  soil  rich  in  manure 
was  used;  to  one  set  was  added  only  the  flocculant — 2  grams  of  alum — to 
the  second  2  grams  of  alum  plus  2  cc.  of  a  saturated  solution  of  thymol,  and 
to  the  third  2  grams  of  alimi  plus  0.5  cc.  of  chloroform.  All  were  kept  at  a 
temperature  of  24°C.  The  results  as  reported  are  the  average  of  a  number 
of  determinations. 

While  in  this  case  we  are  dealing  with  solutions  with  optimum  conditions 
for  dentrification,  the  loss  in  the  presence  of  Hme  is  small,  but  in  the  case  of 
the  alum  it  is  appreciable.  This,  however,  is  a  soil  extremely  rich  in  nitric 
nitrogen  and  the  results  probably  represent  a  maximum  dentrification,  and 
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TABLE « 
NUfic  nitrogen  in  soil  after  varying  lengths  of  time 


TREATMENT 


Soil  -|-  2  grams  alum 

Soil  -h  2  grams  alum  -h  20 
migm.  nitric  nitrogen 

Soil  -f  2  grams  alum  +  40 
mgm.  nitric  nitrogen 

Soil  +  2  grams  alum  + 
thymol., 

Soil  +  2  grams  alum  -f 
thjrmol  -f  20  mgm.  ni- 
tric nitrogen 

Soil  -4-  2  grams  alum  + 
thymol  -f  40  mgm.  ni- 
tric nitrogen 

Soil  -h  chloroform 

Soil  +  chloroform  -f  20 
mgm.  nitric  nitrogen 

Soil  -f  chloroform  -h  40 
mgm.  nitric  nitrogen 


48.00 
67.96 
89.68 
49.04 

69.36 

89.26 
51.80 

71.94 

88.46 


i§ 


*0.03 
=*»0.05 
±0.06 
*0.05 

«*=0.05 

±0.05 
±0.10 

±0.08 

±0.11 


47.63 
67.26 
87.28 
49.00 

67.68 

88.26 
51.80 

71.87 

91.06 


li 


fi! 


•=0.025 
to. 025 
fcO.033 
b0.07 

b0.03 

b^O.068 
b0.03 

bO.09 

t0.04 


5a 


45.20 
65.44 
84.34 
48.30 

67.96 

8.26 
51.30 

71.46 

88.26 


<  o 


t0.04 
fc0.03 
b0.06 
fcO.lO 

bO.lO 

fe0.04 
b0.04 

t0.05 

fc0.14 


h 


35.00 

58.14 

77.01 

4.00 

4.40 

1.40 
43.40 

60.66 

80.84 


If 

si 

<  a 


0933 


±0. 

±0.09 

±0.05 

0.22 

±0.19 

±0.35 
±0.04 

±0.11 

±0.30 


.60 

55.34 

72.85 

5.00 

4.00 

4.00 
37.80 

57.55 

72.86 


3i 


±0.00 
±0.05 
±0.57 
±0.57 

±0.05 

±0.00 
±0.00 

±0.07 

±0.17 


such  activity  would  never  be  reached  with  average  soil.  But  even  this  loss 
can  be  prevented  by  the  use  of  chloroform,  as  may  be  seen  from  table  9  which 
shows  the  quantities  of  nitric  nitrogen  recovered  from  a  soil  manure  mixture 
in  water  at  24®C.  after  varying  lengths  of  time. 

By  the  end  of  three  hours  the  soil  to  which  no  antiseptic  had  been  added 
had  lost  one-half  of  its  nitric  nitrogen,  while  during  twenty-four  hours  it 
had  been  reduced  to  0.83  mgm.  The  soil  to  which  the  2  grams  of  alum  only 
had  been  added  slowly  lost  its  nitric  nitrogen  so  that  after  seventy-two  hours 
its  amoimt  had  been  reduced  to  one-half  that  present  at  the  beiginning. 
Where  the  chloroform  was  added  the  quantity  remains  fairly  xmiform  through- 

TABLE  9 
Nitric  nitrogen  from  soil  and  manure  after  varying  lengths  of  time 


nSATMSNT 


Soil,  no  antiseptic 

Soil  -h  2  grams  alum 

Soil  +  2  grams  alum  +  0.5  cc.  CHCU. 
Soil  H-  2  grams  alum  +  1 .0  cc.  CHCU 
Soil  +  2  grams  alum  -f  2 .0  cc.  CHCI« 
Soil  4-  2  grams  alum  +  3.0  cc.  CHCU 


mLUGRAlfS  OF  NUUC  NITftOGEN  FOUND 


Jfi.  beginning 

Attcr  24 
hours 

After  48 
hours 

After  72 
hours 

3.064 

0.826 

0.49 

0.56 

3.117 

2.732 

2.59 

1.96 

3.067 

2.980 

3.06 

3.22 

2.956 

2.840 

2.90 

2.91 

2.800 

3.010 

2.90 

2.89 

2.790 

.2.910 

2.93 

3.16 
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out  the  seventy-two  hours  and  it  would  appear  that  O.S  cc.  of  chloroform  is 
ample  to  prevent  loss  of  nitric  nitrogen.  But  it  has  been  our  experience  that 
where  the  analyses  are  completed  immediately,  more  concordant  results  are 
obtai9ed  without  than  with  chloroform.  The  average  results  on  both,  rich 
soil  and  a  soil  manure  mixture,  are  shown  graphically  in  figure  1.  In  this  the 
quantity  of  nitric  nitrogen  in  the  soil  at  the  beginning  of  the  experiment  has 
been  considered  as  100  per  cent. 


Hours 

Fig.  1  Curves  showing  per  cent  of  nitric  nitrogen  recovered  in  sample  of  -soil  treated 
by  different  antiseptics  after  varying  lengths  of  time. 

The  soil  with  2  grams  of  alum  during  the  first  twenty-four  hours  lost  0.8 
per  cent  of  its  nitric  nitrogen,  while  those  to  which  chloroform  or  thymol 
had  been  added  lost  none.  By  the  end  of  one  himdred  and  sixty-eight  hours 
the  soil  plus  2  grams  of  alum  had  lost  30  per  cent,  the  soil  with  the  chloroform 
had  lost  27  per  cent,  while  that  to  which  the  thymol  had  been  added  had 
lost  89.8  per  cent  of  its  nitric  nitrogen.    The  loss  from  the  horse  manure  soil 
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mixture — ^with  no  antiseptic — during  the  first  twenty-four  hours  was  73  per 
cent,  but  it  was  very  low  in  the  presence  of  the  antiseptics. 

From  all  the  results  reported  it  would  appear  that  where  the  alimi  is  used 
as  a  flocculant  no  other  antiseptic  is  necessary  unless  the  solutions  are  to 
remain  several  hours.  The  losses  of  nitrogen  reported  in  most  of  this  work 
are  maxima  and  probably  would  never  be  duplicated  in  regular  work,  as  the 
soil  contained  such  large  quantities  of  nitrates  and  organic  matter  of  fresh 
horse  manure.  Moreover^  the  solutions  were  kept  in  an  incubator  at  24^C. 
during  various  intervals.  Hence,  it  would  appear  that,  under  ordinary  con- 
ditions, where  the  time  in  which  the  soil  is  in  the  water  is  short,  and  the 
temperature  comparatively  low,  no  loss  would  result  with  ordinary  soil  where 
the  2  grams  of  alum  had  been  added. 

QUANTITY  OF  ACID  AND  IRON 

Ulsch  (50)  in  his  original  method  recommends  that  the  nitrate-carrying 
substance  be  dissolved  in  25  cc.  of  water,  and  this  reduced  with  5  grams  of 

TABLE  10 

Nitric  nitrogen  from  20  grams  of  soil  plus  40  mgm.  of  nitric  nitrogen  with  different  quantities 

of  sulfuric  acid  and  iron 


H1SO4  VSBD 

NinilC  NTntOGEN 
USED 

STANDARD   DEVIATION 

KBCOVEKBD 

trams 

CC. 

mtm. 

5 

10 

35.76 

±0.51 

82.62 

5 

20 

<0.21 

=^0.30 

92.90 

5- 

25 

42.45 

^O.SS 

98.08 

5 

30 

42.90 

*0.10 

99.10 

6 

20 

42.73 

*0.31 

98.72 

6 

25 

42.24 

=^0.50 

97.60 

6 

30 

42.59 

:^0.06 

98.40 

iron  and  10  cc.  of  dilute  sulfuric  acid  (1  to  2).  Later  (51)  he  found  10  grams 
of  iron  and  10  cc.  of  dilute  sulfuric  acid  (sp.  gr.  1.35),  sufficient  to  reduce  0.5 
gram  of  potassium  nitrate.  Schenke  (41)  recommends  4  grams  of  iron  and 
12  cc.  of  sulfuric  add  (sp.  gr.  1.35).  Work  at  the  New  Jersey  Station  (3) 
indicates  that  2  grams  of  iron  and  5  cc.  of  sulfuric  add  was  sufficient  for  1-gram 
samples  of  any  fertilizer,  while  the  Street  (48)  modification  requires  2  or  3 
grams  of  reduced  iron  and  10  cc.  of  sulfuric  add  (one  part  of  add  to  one  of 
water).  Our  experience  has  been  that  the  best  results  are  obtained  when  the 
ratio  between  the  iron  and  add  is  large,  as  is  brought  out  by  the  results  in 
table  10.  In  this  work  the  quantity  of  nitric  nitrogen  determined  was  that 
extracted  from  20  grams  of  a  rich  soil  to  which,  had  been  added  40  mgm.  of 
nitric  nitrogen.  The  results  are  the  average  of  four  or  more  determinations. 
Repeated  determinations  had  yielded  from  20  grams  of  the  soil  3.28  mgm.  of 
nitric  nitrogen;  hence,  the  quantity  of  nitric  nitrogen  actually  placed  in  the 
reduction  flask  was  43.28  mgm. 
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Here  we  find  the  greatest  quantity  of  the  nitric  nitrogen  was  recovered 
where  5  grams  of  iron  were  used  with  30  cc.  of  sulfvuric  acid  (sp.  gr.  1.35). 
The  result's  vary  with  the  method  of  adding  the  add,  the  reduction  being,, 
more  complete  when  the  acid  is  slowly  added  by  means  of  a  dropping  funnel 
as  previously  outlined.  But  in  no  case  were  we  able  to  obtain  concordant 
results  when  the  quantity  of  add  used  was  such  as  to  leave  considerable 
undecomposed  iron  in  the  reduction  flask. 

The  quantity  of  iron  necessary  will  vary  with  the  quantity  of  nitric  nitrogen 
to  be  reduced  and  also  with  the  grade  of  iron  used,  as  may  be  seen  from  the 
restdts  reported  in  table  11.  Here  we  have  used  three  different  grades  of 
iron  and  25  cc.  of  sulfuric  acid  with  the  soil  and  nitrates  as  in  previous 
experiments.     • 

The  "iron-by-hydrogen  90  per  cent"  yielded  the  same  quantity  of  nitric 
nitrogen  when  7  grams  were  used  as  when  5  grams  were  used.  But  the  80 
per  cent  and  the  alcoholized  iron  both  3delded  more  nitric  nitrogen  with  the 

TABLE  11 
Nitric  nitrogen  recovered  with  various  grades  and  quantities  of  iron 


KIND  09  XEOK     ' 

• 

IRON  UB9ED 

Kmiic  Mmo- 

OBM  RBCOVBftED 

STANDAU) 
DSVIAnOII 

PBKCKNTAOB 

0»  NintlC 

NintOOBN  KS- 

COVERED 

Iron  by  hydrogen,  90  per  cent 

Iron  by  hydrogen,  90  per  cent 

Iron  by  hydrogen,  80  per  cent 

Iron  by  hydrogen,  80  per  cent 

grams 
5 
7 
5 
^7 
5 
10 

mgm. 

42.80 

42.69 

41.92 

42.95 

40.03 

42.27 

*0.11 

=t0.07 
=^0.22 
=fc0.14 
=^0.17 
±0.25 

mgm. 

98.90 

98.52 

96.61 

99.00 

90.20 

Alcoholized  iron 

97.05 

larger  quantities  of  iron.  This  is  probably  due  to  5  grams  of  either  80  per 
cent  or  alcoholized  reagent  not  containing  enough  elementary  iron  for  the 
complete  reduction  of  40  mgm.  of  nitric  nitrogen.  None  of  the  samples  of 
iron  tested  contained  impurities  which  would  yield  ammonia,  for  repeated  tests 
failed  to  reveal  the  presence  of  ammonia,  ammonium  compounds,  or  nitric 
nitrogen;  nor  did  these  samples  of  iron  contain  a  redudble  organic  compound 
as  reported  by  Brandt  (6)  and  later  by  HartweU  and  Wheeler  (21). 

Moreover,  it  is  certain  that  5  grams  of  90  per  cent  "iron-by-hydrogen"  is 
ample  for  the  reduction  of  40  mgm.  of  nitric  nitrogen,  but  where  lower  grades 
are  used  more  will  be  necessary.  Even  when  10  grains  of  the  alcoholized  iron 
were  used  we  failed  to  recover  aU  of  the  nitric  nitrogen,  and  it  would  not  be 
practicable  to  use  larger  quantities,  as  it  introduces  many  difiBiculties  in 
technique. 

TIME  NECESSARY  FOR  REDUCTION 

The  time  required  for  complete  reduction  varies  with  the  temperature. 
Ulsch  (50)  foimd  that  the  percentages  of  nitric  nitrogen  recovered   when 
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0-5-gram  portions  of  potassium  nitrate  were  reduced  at  varying  temperatures 
with  appropriate  quantities  of  iron  and  sulfuric  acid  were  as  follows: 

FerceiA 
redmeed 

20''C.  for  two  hours 95 

3(fC.  for  two  hours 97 

40°C.  for  two  hours 100 

90'*C.  for  eight  minutes 99.5 

lOO'^C.  for  two  minutes 98.9 

This  is  in  keeping  with  the  results  obtained  by  us  where  20  mgm.  of  nitric 
nitrogen  were  reduced  at  varying  temperatures. 

The  results  shown  in  table  12  would  indicate  that  the  reduction  is  not 
complete  even  after  four  hoiurs  at  the  lower  temperature,  but  that  when  the 
solution  is  boiled  all  of  the  nitric  nitrogen  is  recovered.    It  is  important  to 

TABLE  12 
Percentages  of  nitric  nitrogen  recovered  in  various  reductions 


TXMPKRATCS.E 

TIME 

PERCENTAGE 

OP  NVfWC 

NmtOOEN  RE- 

COVKRED 

STANDARD 
DEVTATlOy 

25'*C 

hours 

2 
2 

3 
3 
4 
4 

93.00 

94.50 
91.40 
96.65 
97.70 
98.75 
99.75 
99.75 

=^0.58 

50**C 

±0.15 

25°C \ 

±0.62 

50*'C , 

±1.00 

25°C ... 

±0  12 

5(fC 

±0.03 

Cold  }  hour.    Boiled  until  hydrogen  ceased 

Cold,  then  boiled  ten  minutes. . .". 

±0.04 
±0  04 

note  that  the  variation  between  the  determinations  is  very  great  when  the 
temperature  is  low  and  the  time  given  for  reduction  short,  but  where  the  re- 
duction was  conducted  at  50°C.  for  four  hours,  or  by  boiling  the  solution,  the 
agreement  was  very  good.  Therefore,  it  would  seem  to  be  advisable  to  finish 
the  reduction  at  boiling  temperatures  and  to  return  the  liquid  carried  over 
mechanically  to  the  reduction  flask  before  the  evolution  of  hydrogen  has 
ceased,  so  as  to  insure  reduction  of  any  nitric  nitrogen  which  may  have  been 
carried  over  by  the  first  rapid  evolution  of  hydrogen. 

INTLUENCE  OF  VARIOUS  SALTS 

Many  of  the  solutions  obtained  from  the  arid  and  semi-arid  soils  are  very 
rich  in  soluble  salts;  hence,  it  is  necessary  that  the  method  used  for  the  de- 
termination of  nitric  nitrogen  be  reliable  even  when  used  on  solutions  contain- 
ing large  quantities  of  soluble  salts.  Therefore,  we  have  made  determinations 
using  solutions  to  which  had  been  added  various  salts  which  may  occur  in  the 
soil  solutions.    These  naturally  fall  into  three  series  treated  as  follows: 
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The  first  series  contained  20  mgm.  of  nitric  nitrogen  in  500  cc.  of  water; 
the  second,  20  mgm.  of  nitric  nitrogen  and  5  grams  of  one  of  the  salts  given 
in  table  13  in  500  cc.  of  water;  the  third  series  contained  20  mgm.  of  nitric 
nitrogen,  5  grams  of  one  of  the  salts,  and  100  grams  of  soil  and  the  500  cc.  of 
water.  The  soil  used  in  this  last  series,  as  an  average  of  ten  determinations, 
had  yielded  0.728  mgm.  of  nitric  nitrogen  from  100  grams  of  soil. 

The  average  quantity  of  nitric  nitrogen  recovered  from  the  nitric  nitrogen 
solution  was  98.5  per  cent,  exactly  the  average  quantity  recovered  where  the 

TABLE  13 
Milligrams  of  nilric  nitrogen  recovered  from  various  solutions 


SOLUTION 
CONTAININQ 
20  MOM.  OF 

Nmuc 

KHROOXN 

SIANDARD 
DKVIATXOM 

SALT  ADDED 

20  MOM. 
NirUC  NITRO- 
GEN VLVS 
1  PER  CENT 
SALT 

STANDARD 
DEVIATION 

20  MOM. 

NITRIC  NITRO- 

OEN  PLUS   100 

GRAMS  SOIL 

PLUS   1  PER 

CENT  SALT 

STANDARD 
DEVIATION 

20.16 

=^0.00 

NaCl 

19.80 

=fc0.03 

20.36 

±0.10 

19.62 

=*=0.00 

NajS04 

19.60 

*0.00 

20.46 

±0.17 

19.82 

«t0.03 

NajCO, 

20.10 

«t0.14 

19.98 

±0.12 

19.47 

«t0.04 

KCl 

19.47 

=fc0.03 

19.75 

±0.00 

19.79 

=*=0.03 

K,S04 

19.58 

=*=0.09 

20.07 

±0.03 

19.61 

*0.13 

K,CO, 

19.79 

*0.03 

20.50 

±0.09 

19.71 

=*=0.01 

Caa, 

19.93 

«t0.07 

20.07 

±0.03 

19.71 

=^0.05 

CaS04 

19.79 

=^0.07 

20.27 

±0.17 

19.61 

*0.14 

CaCOi 

19.47 

=*=0.08 

20.18 

±0.08 

19.79 

«t0.09 

MgCl, 

19.61 

=*=0.06 

20.18 

±0,06 

19.65 

*0.07 

MgS04 

19.79 

=^0.09 

20.03 

±0.09 

19.71 

=»=0.05 

MgCQ, 

19.82 

=^0,09 

20.13 

±0.05 

19.55 

*0.04 

MnQ, 

19.57 

±0.05 

20.13 

±0.00 

19.68 

^0.(A 

MnS04 

19.75 

«i=0.00 

20.25 

±0.03 

19.60 

*0.06 

MnCQ, 

19.63 

=^0.03 

20.09 

±0.03 

20.13 

=*=0.04 

FeCU 

20.12 

*0.05 

20.02 

±0.05 

19.88 

«t0.12 

Fe,(SO0, 

19.78 

=*=0.17 

19.22 

±0.17 

20.10 

=^0.09 

NatCQ, 

+ 
Na,  O4 

19.99 

*0.05 

20.17 

±0.05 

salt  had  been  added  to  the  solution.  Where  the  soil,  nitric  nitrogen  and  salt 
were  added,  98.8  per  cent  of  the  nitric  nitrogen  was  recovered.  Therefore, 
not  one  of  the  seventeen  salts  added  has  interfered  in  this  method,  for  we 
find  the  quantity  of  nitric  nitrogen  recovered  in  presence  of  the  salts,  both  in 
the  pure  solutions  and  with  the  soil,  to  be  within  experimental  error  the  same 
as  that  obtained  from  sodium  nitrate  solution. 

Further,  the  agreement  among  determinations  is  just  as  good  as  in  the 
absence  of  the  salt.  Moreover,  these  results  give  a  fair  idea  of  the  accuracy 
of  the  method. 
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INFLUENCE  OF  OTHER  SUBSTANCES 

Other  substances  which  occur  in  soil  and  which  may  interfere  are  the 
soluble  organic  nitrogenous  and  non-nitrogenous  constituents  of  soils  and 
manure.  The  results  obtained  in  the  presence  of  a  number  of  organic  con- 
stituents are  given  in  table  14. 

Both  urea  and  glycocoll  yield  their  nitrogen  as  ammonia  in  the  Ulsch 
method,  but,  as  may  be  seen  from  the  above  results,  this  error  may  be  obvi- 
ated without  a  loss  of  nitric  nitrogen  by  evaporating  the  alkaline  solution  to 
dr3aiess  before  reduction.  In  many  tests  it  has  been  our  experience  that  when 
dried  blood  was  added  to  the  soil  with  a  definite  quantity  of  nitric  nitrogen, 
slightly  less  than  100  per  cent  of  the  added  nitric  nitrogen  was  recovered. 
There  can  be  but  little  doubt  that  this  is  due  to  the  reacting  of  the  sodium  or 

TABLE  14 
NUric  nitrogen  obtained  from  various  organic  substances 


0.5  giams  peptone 

0.5  grams  a^paragin  (Merks) 

0.5  grains  asparagin  (Merks)  +  10  mgm.  nitric  nitrogen 

0.5  grams  hippuric  add  (Merks) 

0.5  grams  Mppuric  acid    (Merks)  -f  10  mgm.   nitric 

nitrogen 

0.5  grams  urea 

0.5  grams  urea  +  10  mgm.  nitric  nitrogen 

0.5  grams  urea  +  10  mgm.  nitric  nitrogen  boiled  to 

dryness  with  2  cc.  NaOH 

10  grams  dried  blood  +  10  mgm.  nitric  nitrogen 

0.5  grams  glycocoll  +  10  mgm.  nitric  nitrogen  boiled  to 

dryneaa  with  2  cc.  NaOH 


=»=0.17 

^10.30 

*3.43 

«fc0.73 
=*=0.14 


potassium  nitrate  with  the  proteins  of  the  added  blood.  If  the  resulting 
compoimd  is  insoluble,  it  will  settle  from  the  supernatant  liquid  and  thus  be 
lost;  while  if  a  soluble  compoimd  is  formed,  subsequent  reduction  will  fail  to 
liberate  the  nitric  nitrogen.  If  this  is  the  true  explanation  of  the  loss  noted 
we  can  expect  no  better  results  with  any  of  the  other  methods  yet  in  use. 

It  is  important  to  note  in  this  connection  that  the  disparate  results,  re- 
ported by  some  in  nitrification  experiments  where  large  quantities  of  dried 
blood  have  been  used,  may,  in  a  measure,  be  due  to  this  loss  of  nitric  nitrogen 
noted.  However,  it  is  likely  that  in  the  regular  nitrification  experiments, 
where  only  1  or  2  per  cent  of  dried  blood  has  been  added  to  the  soil  and  this 
incubated  for  twenty-one  days,  the  error  would  be  very  small. 

Experiments  in  which  various  quantities  of  artificial  humus  were  mixed 
with  varying  quantities  of  nitric  nitrogen  showed  that  this  addition  did  not 
interfere  with  the  accuracy  of  the  test.    Ulsch  (52)  modified  his  original  method 
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by  using  just  a  little  less  than  enough  acid  in  the  receiver  to  neutralize  the 
ammonia  distilled  over  and  then  titrating  back  the  excess  of  ammonia  with  a 
standard  acid,  but  we  have  always  used  an  excess  of  acid,  for  Hopkins  (24) 
has  pointed  out  that  otherwise  there  may  be  a  loss  of  ammonia. 

SUMMARY 

Clear  soil  extracts  may  be  obtained  by  adding  2  grams  of  lime,  ferric  sul- 
fate, ferric  alum,  sodium  alum,  or  potassium  alum  to  the  soil-water  mixture, 
by  filtering  through  the  Chamberland-Pasteur  filter,  or  centrifuging.  The 
last  three  procedures  give  a  clear  solution  with  a  minimum  loss  of  nitric 
nitrogen. 

Calcium  oxide  added  to  a  soil-water  mixture  gives  a  clear  supernatant 
solution,  but  the  quantity  of  nitric  nitrogen  obtained  from  such  a  solution  is 
low.  This  is  not  entirely  due  to  the  mechanical  removal  of  the  nitric  nitro- 
gen with  the  precipitated  colloid^  for  when  calcium  oxide  b  added  to  a  clear 
sodium  nitrate  solution  similar  results  are  obtained. 

The  same  quantity  of  nitric  nitrogen  was  obtained  trom  soil  when  the 
ratio  of  soil  to  water  varied  from  as  low  as  1  to  5  to  as  high  as  1  to  25. 

No  increase  in  nitric  nitrogen  is  obtained  by  shaking  a  soil  with  water 
more  than  five  minutes,  provided  the  soil  is  well  pulverized  and  thoroughly 
agitated  during  this  time. 

Very  little  nitric  nitrogen  is  lost  during  twenty-four  hours  from  soil-water 
mixtures  to  which  2  grams  of  alum  or  5  grams  of  lime  have  been  added,  and 
no  loss  was  noted  from  such  solutions  even  after  one  hundred  and  sixty-eight 
hours  when  one  part  per  thousand  of  chloroform  had  been  added  to  the  mix- 
ture. But  when  th3anoI  had  been  added  to  such  a  solution,  it  accelerated 
the  loss  of  nitric  nitrogen. 

None  of  the  following  salts  interfere  in  the  XJlsch  reduction  method:  chlo- 
rides, sulfates,  or  carbonates  of  sodium,  potassium,  calcium,  magnesium,  man- 
ganese and  iron.  Hence,  none  of  the  inorganic  salts  which  may  occur  in  the 
soil  interfere. 

When  urea  or  glycocoll  are  present,  high  results  are  obta'ned  unless  the 
alkaline  ^lution  is  evaporated  to  dryness  before  reduction.  This  may  be 
done  without  a  loss  of  nitric  nitrogen. 

When  dried  blood  is  mixed  with  a  nitrate  less  than  100  per  cent  of  the 
nitric  nitrogen  is  recovered  by  this  method.  Xhere  can  be  but  little  doubt 
that  this  is  due  to  the  reacting  of  nitrate  with  the  proteins  of  the  blood.  If 
the  resulting  compound  is  insoluble  it  will  settle  from  the  supernatant  liquid 
and  thus  be  lost,  while  if  soluble  subsequent  reduction  will  fail  to  liberate  the 
nitric  nitrogen;  hence,  we  would  find  the  same  error  entering  with  any  of  the 
other  methods. 

The  aluminum  reduction  method,  as  modified  by  Burgess  for  the  determi- 
nation of  nitric  nitrogen  in  alkali  soil,  permits  of  an  appreciable  loss  of  nitric 
nitrogen.  This  is  obviated  by  the  use  of  the  iron  reduction  method  which 
may  be  outlined  as  follows. 
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One  hundred  grams  of  the  finely  ground  soil,  together  with  500  cc.  of  dis- 
tilled water,  are  placed  in  quart  Mason  jars  and  agitated  for  five  minutes — 
preferably  in  a  shaker.  The  solution  is  clarified  by  one  of  the  following 
methods: 

1.  The  addition  of  2  grams  of  alum  with  the  soil. 

2.  Filtering  through  the  Chamberland-Pasteur  filter. 

3.  Centrifugation. 

If  the  alum  is  used,  no  other  antiseptic  is  necessary,  but  imless  the  analysis 
is  to  be  completed  at  once  in  either  of  the  other  cases  it  is  well  to  add  0.5  cc. 
of  chloroform  to  each  sample.  An  aliquot  part  (100  cc.)  of  the  supernatant 
Uquid  is  pipetted  off,  and,  together  with  2  cc.  of  a  saturated  solution  of  sodium 
hydroxide,  evaporated  to  about  one-fourth  of  its  original  volume  to  free  from 
ammonia.  If  urea  is  present,  it  is  necessary  to  evaporate  to  dryness.  To  this 
is  added  50  cc.  of  ammonia-free  water,  5  grams  of  "iron-by-hydrogen"  and 
30  cc.  of  sulfuric  acid  (sp.  gr.  1.35).  If  less  than  40  mgm.  of  nitric  nitrogen 
is  to  be  determined,  it  is  well  to  take  a  correspondingly  smaller  quantity  of 
iron  and  sulfuric  acid.  The  neck  of  the  reduction  flask  is  fitted  with  a  2-hole 
stopper  through  which  passes  a  50-cc.  separatory  funnel  and  a  bent  tube  which 
dips  into  a  vessel  containing  water  to  prevent  mechanical  loss.  The  acid  is 
slowly  added  and  allowed  to  stand  imtil  the  rapid  evolution  of  hydrogen  is 
over  and  then  heated  to  boiling  for  ten  minutes.  The  contents  of  the  side 
vessel  should  be  returned  to  the  reduction  flask  before  the  reaction  is  complete, 
thus  insuring  the  complete  reduction  of  any  nitrates  which  may  have  been 
carried  over  with  the  first  violent  evolution  of  the  hydrogen.  The  contents 
of  the  reduction  flask  are  transferred  to  a  Kjeldahl  flask,  neutralized  with 
sodium  hydroxide,  and  distilled  into  standard  acid.  The  excess  of  add  is 
titrated  back  with  standard  alkali,  lacmoid  being  used  as  an  indicator;  checks 
should  be  made  on  all  the  reagents,  including  the  alum  used  as  a  flocculant. 
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During  the  last  few  years  it  has  been  recognized  that  the  effects  of  certain 
so-called  "alkali"  salts  on  soil  bacteria,  as  well  as  their  action  on  higher  plants, 
should  have  an  important  bearing  on  the  development  of  methods  of  reclama- 
tion of  the  alkali  soils«of  the  arid  regions.  It  was  for  the  purpose  of  throwing 
more  light  on  this  problem  that  the  following  experiments  were  carried  out. 

Many  experiments  have  been  conducted  to  determine  the  concentration  at 
which  various  alkah  salts  become  toxic  to  plants,  but  it  remained  for  C.  B. 
Lipman  (8,  9,  10)  to  point  out  the  importance  of  bacteriological  studies  along 
such  lines.  The  investigations  of  this  author  have  indicated  that  bacterial 
activities  in  alkali  soils  are  very  difiFerent  from  those  in  normal  soils,  and  that 
the  amount  and  character  of  the  salts  present  determine  the  kind  and  extent 
of  bacterial  action  occurring  in  such  soils. 

He  studied  the  influence  of  sodium  chloride,  sodiimi  sulfate  and  sodium  car- 
bonate on  ammonification,  nitrification  and  nitrogen-fixation.  He  found  that 
aU  these  processes  are  inhibited  by  the  presence  of  certain  amounts  of  these 
salts  but  the  concentration  at  which  each  became  toxic  varied  among  the 
different  processes.  Thus  the  ammonif3ang  and  nitrifying  bacteria  were 
differently  affected  by  the  salts.  The  nitrifjong  bacteria  were  affected  in  a 
manner  similar  to  that  shown  with  the  higher  plants,  but  such  was  not  the 
case  with  the  ammonifying  organisms.  The  nitrogen-fixing  organisms  seemed 
to  be  more  resistant  to  injury  from  the  salts  than  either  of  the  other  groups 
studied.  The  results  with  nitrification  which  are  of  special  interest  in  this 
work  showed  that  sodium  carbonate  became  toxic  at  a  concentration  of  0.025 
per  cent,  sodium  sulfate  at  a  concentration  of  0.35  per  cent  and  sodium  chloride 
at  a  concentration  of  0.1  per  cent. 

The  toxic  effects  of  salts  on  nitrification  have  been  considered  ia  few  other 
experiments.  Deherain  (2,  3)  noted  an  injurious  effect  of  soditun  chloride  on 
nitrification  and  J.  G.  Lipman  (11)  found  that  sodium  chloride  became  toxic 
at  0.1  per  cent  but  did  not  entirely  stop  nitrification.  This  latter  experi- 
ment was  carried  out  by  the  solution  method. 

,  Headden  (5,  6)  and  Sackett  (12)  have  assimied  the  occurrence  of  a  very 
intense  nitrification  in  certain  areas  in  Colorado  to  account  for  the  excessive 
accumulations  of  nitrates  occurring  there,  but  Stewart  (13)  insists  that  such 
acciunulations  are  not  due  to  rapid  present  bacterial  action,  but  to  a  concen- 
tration of  the  nitrates  already  present  in  the  soils,  the  irrigation  water 
merely  furnishing  a  medium  by  which  they  are  moved  from  place  to  place. 
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Furthermore,  he  asserts  that  these  accumulations  of  nitrates  always  occur 
with  large  amoimts  of  other  water-soluble  salts.  The  study  of  the  effect  of 
salts  on  nitrification  may  throw  some  Ught  on  this  controversy. 

Recent  experiments  by  Kelley  (7)  on  nitrification  in  semi-arid  soik  showed 
that  0.05  per  cent  of  NasCOs  was  distinctly  toxic  to  the  nitrification  of  1  per 
cent  of  dried  blood,  but  as  high  a  concentration  as  0.4  per  cent  had  no  effect 
on  the  nitrification  of  0.1  per  cent  of  dried  blood.  When  0.15  per  cent  of 
ammonium  sulfate  was  employed  in  the  tests,  0.1  per  cent  of  NasCO»  became 
toxic  to  nitrification,  but  the  same  amount  was  markedly  stimulating  when 
0.0625  per  cent  of  ammonium  sulfate  was  used.  Similar  results  were  secured 
with  Na2S04. 

No  other  investigations  of  a  nature  to  be  of  value  to  the  general  problem 
have  been  carried  out  so  far  as  the  authors  are  aware. 


EXPERIMENTAL 

The  purpose  of  the  experiments  reported  in  the  following  pages  was  to  deter- 
mine the  concentration  at  which  various  alkali  salts  become  toxic  to  the 
nitrifying  bacteria.  Alkali  salts,  in  the  concentration  which  was  found  in  an 
alkali  soil,  according  to  chemical  anal3^is,  were  added  to  a  similar  normal  sofl. 
Thus  artificial  alkaU  soils  containing  single  salts  and  various  combinations 
of  the  same  salts  were  prepared.  Comparative  tests  were  run  on  a  typical 
alkah  soil  and  it  was  desired  by  this  plan  to  ascertain  the  relative  and  abso- 
lute toxicity  to  the  nitrifying  bacteria  of  various  salts  in  actual  concentrations 
found  in  the  field. 

AlkaU  soil  was  then  treated  with  sodium  carbonate  and  sodium  bicarbonate 
with  and  without  the  amount  of  gypsum  necessary  to  react  with  the  salt  added 
in  order  to  study  nitrification  under  such  conditions.  ' 

Samples  of  alkali  soil  and  of  a  similar  normal  soil  were  secured  through  the 
courtesy  of  the  Agricultural  Experiment  Station  of  the  University  of  Wyo- 
ming, and  served  as  a  basis  for  the  work.  The  tests  were  therefore  carried  out 
with  typical  alkali  soil  and  a  typical  normal  soil  from  the  same  region. 

Chemical  analyses  were  made  of  the  soils  and  the  water-soluble  caldum, 
sodiiun,  magnesium,  potassiiun,  bicarbonate,  carbonate,  chloride  and  sul&te 
determined. 

The  results  of  the  analyses  were  as  follows: 


MOUf  AL  SOIL 


ALKAU  BOIL 


Calcium  (Ca) 

Magnesium  (Mg). . . 

Sodium  (Na) 

Potassium  (R) 

Bicarbonate  (HCOb) 

Chloride  (CI) 

Sulfate  (SO4) 

Nitrogen  (Total  N). 


ptrcmU 

0.0220 

0.0064 

0.0796 

0.0218 

0.0042 

0.0003 

0.0980 

0.1170 


0.0550 
0.0096 
0.2570 
0.0470 
0.1190 
0.0084 
0.8350 
0.0440 
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The  laboratory  tests  were  carried  out  in  tumblers  with  both  the  normal  and 
the  alkali  soils  according  to  the  treatments  indicated  above.  One-hundred- 
gram  quantities  of  the  air-dried,  sieved  soil  were  weighed  out,  salt  additions  made 
according  to  the  various  series,  100  mgm.  of  ammonium  sulfate  added,  the 
moisture  content  of  the  soils  adjusted  to  the  optimum,  5  cc.  of  a  five-nunute 
infusion  of  a  fresh  soil  added  to  each  soil  to  introduce  a  vigorous  nitrif3dng 
flora,  the  tumblers  were  then  covered  and  incubated  for  four  weeks  at  room 
temperature,  the  moisture  content  being  kept  up  by  additions  of  steril^  water 
to  weight  every  ten  days.  The  nitrates  present  were  then  determined  by 
the  aluminum  reduction  method,  modified  somewhat  from  the  procedure 
recommended  by  Burgess  (1). 

Series  I.  The  effects  of  NaCl  an  nUrificatian  in  normal  soil 

The  arrangement  of  this  series  and  the  results  are  shown  in  table  1  and  figure 
1.     All  the  treatments  were  in  duplicate  and  the  untreated  normal  soil  and 

TABLE  1 
Effects  of  NaCI  on  nitrification  in  normal  soil 


KUIIBSR 

SOIL 

NaCl 

N 

AVBRAGS  N 

grams 

mgrn- 

mgm. 

1 

Normal 

None 

2.1728 

2 

Normal 

None 

2.2316 

2.2022 

3 

Normal 

0.005 

3.1164 

4 

Normal 

0.005 

3.2460 

3.1812 

5 

Normal 

0.010. 

2.2316 

6 

Normal 

0.010 

2.5452 

2.3884 

7 

Normal  • 

0.020 

2.0328 

8 

Normal 

0.020 

1.7164 

1.8746 

9 

Normal 

0.040 

0.6608 

10 

Normal 

0.040 

0.9464 

0.8536 

11 

AlkaU 

None      . 

2.0888 

12 

AlkaU 

None 

1.8312 

1.9600 

imtreated  alkaU  soil  were  used  in  this  and  all  succeeding  series  for  the  sake  of 
comparison. 

The  addition  of  0.005  per  cent  of  NaCl  gave  a  stimulation  in  nitrate  pro- 
duction but  the  large  amounts,  at  least  beyond  0.010  per  cent  depressed 
nitrification.    This  latter  amount  apparently  had  no  effect. 

The  alkali  soil  gave  a  smaller  nitrification  than  the  normal  soil  and  about 
the  same  as  that  receiving  0.020  per  cent  of  NaCl.  The  toxic  point  for  the 
NaCl  in  this  test  evidentiy  occurred  at  about  0.02  per  cent,  which  is  very 
much  lower  than  the  concentration  at  which  Lipman  foimd  toxicity.  Dif- 
ferences in  the  soils  tested  may  account  for  the  variation  in  the  results.  It  is 
apparent,  however,  that  small  amounts  of  NaCl  stimulate  nitrification,  while 
larger  amounts  bring  about  a  depression. 
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Fig.  1.  Effects  of  NaCl  on  Nitrification  in  Norical  Soil 
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Series  II.   The  effects  of  Na2S04  on  nitrification  in  normal  soil 

This  series  was  arranged  in  a  manner  s'lnilar  to  the  preceding  except  that 
the  treatments  w  th  Na«S04  were  much  larger  than  those  with  NaCl.  The 
data  obtained  are  presented  in  table  2  and  figure  2. 

The  addition  of  the  Na2S04  up  to  2.0720  per  cent  increased  considerably 
the  nitrifying  power  of  the  soil.  The  greatest  ncrease  was  secured  with 
0.5180  per  cent  of  the  salt,  but  the  diBFerences  between  the  results  with  this 
application  and  with  the  larger  amounts  were  small  until  4.1440  per  cent  was 
added,  when  a  distinct  depression  in  nitrification  occurred.  The  concentra- 
tion at  which  the  sodium  sulfate  becomes  toxic  was  therefore  much  higher 
in  this  soil  than  in  Lipman's  experiments,  where  the  toxic  point  was  found  to 
be  0.35  per  cent.  The  variation  m  the  soil  used  would  again  probably  ex- 
plain the  difference  'n  the  results.     It  is  evident  again,  however,  that  sodium 


Digitized  by 


Google 


EFFECTS  OF  ALKALI  SALTS  ON  NITiOFICATION 


211 


TABLE  2 
Effects  of  NasS04  on  nUnfication  in  normal  soil 


NUJABER 

SOIL 

Na,S04 

N 

AVEItAOX  N 

grams 

mgm. 

mgm. 

1 

Normal 

None 

3.3150 

2 

Normal 

None 

3.6960 

3.5030 

3 

Normal 

0.5180 

4.6280 

4 

Normal 

0.5180 

Lost 

4.6280 

5 

Normal 

1.0360 

4.4570 

6 

Normal 

1.0360 

4.3140 

4.3850 

7 

Normal 

2.0720 

4.1740 

8 

Normal 

.  2.0720 

3.8860 

4.0290 

9 

Normal 

4.1440 

1.6010 

10 

Normal 

4.1440 

1.7750 

1.6880 

11 

AlkaU 

None 

3.1720 

12 

Alkali 

None 

2  9450 

3.0580 
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Fig.  2.  Effects  of  Na2S04  on  Nitrification  in  Normal  Soil 
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sulfate  stimulates  nitrification  when  added  in  small  amounts,  but  when  the 
concentration  is  increased  beyond  a  certain  point,  which  varies  in  different 
soils,  it  becomes  distinctly  toxic  to  the  nitrifiers. 

Series  III.  The  effecU  of  MgSOi  on  nUrificaUon  in  normal  soi' 

The  arrangement  of  this  series  and  the  results  secured  appear  in  table  3 
and  figure  3. 

TABLE  3 
Effects  of  MgS04  on  niirificaiion  in  normal  soil 


MUIIBSE 

SOIL 

MgSOi 

N 

avxeaobN 

jlfftflMJ 

mgm. 

«l». 

1 

Normal 

None 

2.5375 

2 

Normal 

None 

2.4841 

2.5108 

3 

Normal 

0.0235 

4.0984 

4 

Normal 

0.0235 

4.2998 

4.1991 

5 

Normal  , 

0.0570 

3.4020 

6 

Normal 

0.0570 

4.0292 

3.7156 

.   7 

Normal 

0.1140 

3.6008 

8 

Normal 

0.1140 

3.6306 

3.6102 

9 

Normal 

0.2280 

3.1724 

10 

Normal 

0.2280 

3.0604 

3.1164 

11 

AlkaU 

None 

2.0964 

12 

AlkaU 

None 

2.0952 

2.0976 
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Fig.  3.  Effects  of  MgS04  on  Nitrification  in  Normal  Son. 
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The  MgS04  evidently  stimulated  nitrification  in  all  the  amounts  used, 
that  is,  up  to  0.2280  per  cent.  The  greatest  stimulation  occurred,  however, 
with  the  smallest  appliction — 0.0235  per  cent,  and  the  larger  amounts  brought 
about  smaller  eflFects.  If  the  application  had  been  increased  beyond  0.2280 
per  cent  it  seems  that  a  depression  in  nitrification  would  have  occurred,  for  the 
figures  gradually  decreased  with  increasing  applications.  Just  where  a  toxic 
eflFect  from  the  MgS04  would  occur,  cannot,  of  course,  be  stated  from  these 
results,  but  it  is  probable  that  about  0.3  per  cent  would  mark  the  point  at 
which  depression  would  occur. 

Again  it  is  seen  that  this  salt,  like  the  others  tested,  stimulates  nitrification 
when  present  in  small  amounts,  but  beyond  a  certain  maximum  concentration 
undoubtedly  becomes  toxic. 

Series  IV.  The  effects  of  CaCOs  on  nUrification  in  normal  soil 

The  eflFects  of  calcium  carbonate  upon  crops  and  soils  have  commonly  been 
found  to  be  beneficial,  with  but  few  exceptions.  It  might  be  expected,  there- 
fore, that  the  nitrifying  bacteria  would  be  stimulated  in  action  by  additions 
of  this  salt. 

Examining  the  results  of  this  series  in  table  4  and  fiigure  4,  it  will  be  seen 
that  a  stimulation  in  nitrification  occurred  when  calcium  carbonate  was  ap- 

TABLE  4 
Effects  of  CaCOi  on  nUrification  in  normal  soil 


NUMBER 

SOIL 

CaCO. 

N 

AVSRAGK  N 

grams 

mgm. 

mgm. 

1 

Normal 

None 

3.5168 

2 

Normal 

None 

3.5364 

3.5266 

3 

Normal 

0.189 

3.5978 

4 

Normal 

0.189 

3.6700 

3.6339 

5 

Normal 

0.378 

3.8444 

6 

Normal 

0.378 

3.9452 

3.8948 

7 

Normal 

0.756 

4.2728 

8 

Normal 

0.756 

4.3736 

4.3232 

9 

Normal 

1.512 

4.7432 

10 

Normal 

1.512 

4.7824 

4.7628 

11 

Normal 

6.048 

1.1340 

12 

Normal 

6.048 

1.0612 

1.0976 

plied  up  to  a  treatment  of  6  per  cent.  Somewhere  between  1.512  per  cent 
and  6.048  per  cent  occurred  the  toxic  point  for  this  salt  on  this  particular  soil. 
Unfortunately,  the  exact  point  was  not  ascertained.  It  is  of  considerable 
interest  to  note,  however,  the  undoubted  toxicity  to  nitrification  indicated 
by  the  application  of  6.048  per  cent.  Evidently  calcium  carbonate  in  siflall 
or  reasonable  amounts  is  beneficial  to  nitrification,  but  when  the  addition 
beccmes  excessive  there  is  a  depression  in  the  activities  of  this  group  of  or- 
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Fig.  4.  Effects  of  CaCOi  on  Nitkification  in  Normal  Soil 

ganisms.  This  depression  may  not  occur  in  other  soils,  but  these  results  on 
one  particular  soil  indicate  that  calcium  carbonate  may  be  applied  to  soils  in 
too  large  amoimts. 

Series  F.  The  ejects  of  NaHCOs  on  nitrification  in  alkali  soil 

This  series  deals  with  the  effects  of  sodium  bicarbonate  on  nitrification  in 
an  alkali  soil.  The  treatment  of  the  soil  and  the  results  appear  in  table  5 
and  figure  5.  Examining  the  table,  it  is  seen  that  the  NaHCOs  in  additions 
up  to  and  beyond  0.10  per  cent  stimulated  considerably  the  nitrification 
process  in  this  soil.  Beyond  0.30  per  cent,  however,  a  distinct  depression 
occurred  which  increased  with  increasing  additions. 

When  calcium  sulfate  was  added  with  the  sodium  bicarbonate,  all  toxic 
effects  of  the  additions  were  removed,  as  is  indicated  by  the  results  of  the 
last  two  tests  in  the  table. 
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TABLES 
Effects  of  NaHCOb  on  nUfificaiion  in  alkali  soil 


Kumnt 

80XL 

NaHCOs 

N 

avbiaobN 

grams 

mgm. 

mgm. 

1 

AlkaU 

None 

4.6172 

2 

AlkaU 

None 

4.5416 

4.5794 

3 

AlkaU 

0.05 

4.8740 

4 

AlkaU 

0.05 

4.7650 

4.8190 

5 

AlkaU 

0.10 

5.4740 

6 

AlkaU 

0.10 

5.3228 

5.3984 

7 

AlkaU 

0.30 

3.8864 

8 

AUcaU 

0.30 

4.2148 

4.0506 

9 

AUcaU 

0.50 

3.8360 

10 

AULaU 

0.50 

3.9116 

3.8738 

11 

AUcaU 

1.00 

3.7604 

12 

AUcaU 

1.00 

3.1808 

3.4706 

13* 

AlkaU 

1.00 

4.9448 

14* 

AlkaU 

1.00 

4.8440 

4.8944 

*  Plus  1.6197  grams  CaSO^. 

Sodium  bicarbonate  appears,  from  these  results,  to  have  a  stimulative  effect 
on  nitrification  when  added  to  soil  to  0.10  to  0.30  per  cent,  but  it  becomes 
toxic  to  the  process  when  applied  at  the  rate  of  0.30  per  cent  and  beyond,  the 
toxicity  increasing  with  the  addition. 
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Fig.  5.  Evfects  op  NaHCOb  on  Nitrification  in  Alkau  Soil 


Digitized  by  Google 


216 


p.  E.  BROWN  AND  E.  B.  HITCHCOCK 


.  When  calcium  sulfate  is  added  with  the  sodium  bicarbonate  in  the  proper 
amount  to  react  with  this  latter  salt,  all  toxic  effect  is  removed  and  there  is 
apparently  no  influence  from  the  addition,  except  perhaps  a  slight  increase  in 
the  nitrification  process. 

Series  VI,  The  effects  of  Na^COs  on  nUrification  in  alkali  soil 

The  arrangement  of  this  series  was  very  similar  to  the  preceding.    It  is 
shown  in  table  6  and  figure  6  together  with  the  results. 

TABLE  6 
Effects  of  NatCOfe  an  nUrification  in  alkali  soil 


NUMBER 

son. 

NaiCOi 

N 

trams 

mgm. 

mgm. 

1 

AlkaU 

None 

2.1476 

2 

Alkali 

None 

1.7948 

1.9712 

3 

Alkali 

0.05 

3.1528 

4 

AlkaU 

0.05 

1.8480 

2.5004 

5 

Alkali 

0.10 

1.6436 

6 

AlkaU 

0.10 

2.5256 

2.0846 

7 

AlkaU 

0.30 

2.2484 

8 

AlkaU 

0.30 

1.6184 

1.9334 

9 

AUcaU 

0.50 

1.9936 

10 

AUiaU 

0.50 

1.5176 

1.7556 

11 

AlkaU 

1.00 

1.2656 

12 

AU^aU 

1.00 

1.7416 

1.5036 

13* 

AUcaU 

1.00 

2.1252 

14* 

AlkaU 

1.00 

1.8480 

1.9866 

*  Plus  1.30  grams  CaS04. 
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Fig.  6.  Effects  of  NajCO^  on  Nitrification  in  Alkali  Son. 

The  application  of  the  sodium  carbonate  at  the  rate  of  0.05  per  cent  gave  a 
decided  stimulation  in  nitrification.  The  0.10  per  cent  addition,  likewise, 
gave  a  stimulation,  but  it  was  not  large.    The  larger  additions  brought  about 
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depressions  in  the  process  which  became  greater  as  the  size  of  the  application 
increased.  When  calcium  sulfate  was  added  in  the  proper  amount  to  react 
with  the  sodium  carbonate  there  was  no  effect  whatever  from  the  addition. 
This  result  is  in  accord  with  that  of  the  preceding  series  with  the  bicarbonate 
of  sodium  and  the  calcium  sulfate. 

The  concentration  at  which  the  sodium  carbonate  became  toxic  to  the 
nitrifiers  in  this  soil  was  much  greater  than  that  noted  by  Lipman.  He 
found  toncity  at  0.025  per  cent,  but  stimulation  occurred  in  this  work  up  to 
0.10  per  cent.  His  results  with  NasCOs>  however,  were  not  considered  satis- 
factory, as  there  was  much  mold  growth  on  the  soils  which  may  have  used  up 
the  nitrates  produced,  and  losses  may  have  occurred  in  the  several  filtrations 
through  bone  black  which  were  necessary  to  the  determination.  However, 
the  variation  from  Ldpman's  results  may  be  due,  as  was  concluded  in  the 
preceding  series,  to  differences  in  the  soil  used.  It  is  evident,  however,  that 
sodium  carbonate,  like  the  other  salts  tested,  stimulated  nitrification  when 
used  in  small  amounts,  but  depressed  the  process  considerably  when  large 
applications  were  made.  When  calcium  sulfate  is  used  with  the  sodium  car- 
bonate, there  is  no  effect  on  the  nitrif3ang  bacteria. 

Series  VII.  The  effects  of  CaSOi  on  nUrificalion  in  alkali  soil 

The  results  in  the  preceding  tables  indicated  that  calcium  sulfate  applied 
with  sodium  carbonate  and  sodium  bicarbonate  neutralized  the  toxic  effects 

TABLE  7 
Effects  of  CaS04  on  nUrificalion  in  alkali  soil 


Nuion 

BOO. 

CaSO« 

N 

AVESAGE  N 

grams 

mgrn- 

mgrn. 

1 

Alkali 

None 

4.1804 

2 

Alkali 

None 

4.3120 

4.2462 

3 

Alkali 

0.022 

4.4156 

4 

AlkaU 

0.022 

4.4436 

4.4298 

5 

Alkali 

0.033 

4.4436 

6 

AlkaU 

0.033 

4.5752 

4.4894 

7 

Alkali 

0.044 

4.5472 

8 

Alkali 

0.044 

4.6284 

4.5878 

9 

AlkaU 

0.088 

4.4156 

t 

10 

ADtaU 

0.088 

4.3120 

4.3638 

11 

AlkaU 

0.176 

4.1664 

12 

Alkali 

0.176 

4.3904 

4.2784 

of  these  salts.  It  seemed  advisable,  therefore,  to  ascertain  the  influence  of 
the  CaS04  when  applied  alone  to  the  alkali  soil.  The  treatments  used  and 
the  results  secured  appear  in  table  7  and  figure  7. 

It  is  apparent  upon  an  examination  of  this  table  that  the  CaSOi  had  little 
effect  on  nitrification.    There  seemed  to  be  a  slight  stimulation  with  the 
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smaller  additions,  but  the  diflferences  were  not  large.  With  the  larger  amounts, 
no  increase  was  secured.  The  applications  were  not  increased  beyond  0.176 
per  cent,  so  it  is  quite  possible  that  further  additions  might  have  brought 
about  an  increase  in  nitrification.  However,  in  the  absence  of  sufficent  data, 
general  conclusions  cannot  be  drawn.  The  differences  secured  seem  too  small 
to  conclude  a  stimulation  of  the  process,  but  the  results  may  be  considered  to 
indicate  the  possibility  of  such  a  stimulation  at  least. 


Fig.  7.  Effects  of  CaS04  on  NiTRnncATioN  in  Alkali  Soil 

Series  VIII,  The  effects  of  CaCOt  on  nUrificaUon  in  alkali  soil 

When  calcium  carbonate  was  applied  to  the  normal  soil  used  in  this  work,  a 
distinct  stimulation  of  nitrification  occurred  up  to  6.0  per  cent.  At  that 
point,  however,  the  activities  of  the  nitrifiers  were  quite  considerably  depressed. 
It  seemed  desirable,  therefore,  to  test  the  effects  of  that  salt  on  nitrification 
in  the  alkali  soil. 

This  series  was  arranged  in  a  similar  manner  to  series  IV  except  that  the 
alkali  soil  was  used.  The  arrangement  of  the  series  and  the  results  are  given 
in  table  8  and  figure  8. 

The  small  amounts  of  the  CaCOs  did  not  seem  to  influence  nitrification,  but 
when  0.378  per  cent  was  used  an  increase  in  the  process  was  noted.  Further 
gains  occurred  with  the  larger  applications  up  through  1.512  per  cent.  When 
6.046  per  cent  was  added,  however,  a  distinct  depression  in  nitrification  oc- 
curred. Evidently  the  maximum  increase  in  the  process  through  the  use  of 
CaCOs  on  this  soil  occurred  at  1.512  per  cent,  or  between  that  amount  and 
6.048  per  cent. 

The  absence  of  tests  using  intermediate  amounts  prevents  any  definite 
point  being  established.  It  is  evident,  however,  that  just  as  was  the  case 
in  the  tests  with  the  normal  soil,  CaCOs  when  applied  in  small  amounts  to  this^ 
alkali  soil  increased  nitrification,  but  when  6.048  per  cent  was  used,  a  decided 
depression  in  the  process  occurred.  Such  an  amount  of  CaCOs  is  rarely  found 
in  soil  and  hence,  even  if  an  injurious  effect  were  found  to  be  quite  general 
(with  many  soils),  which  is  extremely  unlikely,  no  danger  from  a  reasonable 
use  of  lime  on  soils  need  be  apprehended. 
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TABLE  8 
Efeds  of  CaCOi  on  nUrificaiion  in  alkali  soil 


NUUBR 

lOXl. 

CaCOt 

N 

AvstAoaN 

crsMs 

mgm. 

mgm. 

1 

AlkaU 

None 

2.1586 

2 

AlkaU 

None 

1.8900 

2.0243 

3 

AlkaU 

0.189 

2.0188 

4 

AlkaU 

0.189 

2.0440 

2.0314 

5 

AlkaU 

0.378 

2.1700 

6 

AlkaU 

0.378 

2.2960 

2.2330 

7 

AlkaU 

0.756 

2.3960 

8 

AlkaU 

0.756 

2.4976 

2.4468 

9 

AUudi 

1.512 

2.7134 

10 

AUudi 

1.512 

2.9026 

2.8080 

11 

AUcaU 

6.048 

1.0108 

12 

AlkaU 

6.048 

0.7840 

0.8974 
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Fig.  8.  Effects  of  CaCOi  on  Nitrification  in  Alkali  Soil 
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Series  IX,  The  effects  of  NaHCOs,  NajCOs  and  CaS04  on  nUrification  in  alkali 

soil 

This  series  was  planned  to  test  the  effect  of  the  carbonate  and  bicarbonate 
of  sodium  on  nitrification  in  alkali  soil  in  the  presence  of  calcium  carbonate 
and  with  and  without  the  addition  of  sufficient  calciiun  sulfate  to  react  with 
the  carbonate  used.  The  arrangement  of  the  tests  and  the  results  secured 
are  given  in  table  9  and  figure  9. 

TABLE  9 

Effects  of  NaHCOi,  Na«COk,  and  CaS04  on  nUrification  in  the  presence  of  CaCQi  in  alkali 

soil 


9 
10 

11 
12 
13 

14 

15 
16 

17 

18 


Nothing 

Nothing 

0.536  gram  CaCOi 

0.536  gram  CaCOi 

0.536  gram  CaCOi  +  1.00  gram  NaHCOi 

0.536  gram  CaCOi  +  1.00  gram  NaHCOi 

0.536    gram   CaCOi  +  0.044   gram    NaHCQ,  +  0.072  gram 

CaS04 

0.536   gram    CaCO,  +  0.044   gram    NaHCOi  +  0.072    giam 

CaS04 

0.536  gram  CaCOi  +  0.044  gram  NaHCOi 

0.536  gram  CaCOj  +  0.044  gram  NaHCQ, 

0.536  gram  CaCOi  +  0.056  gram  Na«CQs 

0.536  gram  CaCOi  +  0.056  gram  NaaCO* 

0.536    gram    CaCQ.  +  0.056    gram    NajCOi  +  0.072    gram 

CaS04 

0.536    gram    CaCOi  +  0.056    gram    NaiCOi  +  0.072    gram 

CaS04 

0.536  gram  CaCOi  +  1.00  gram  NajCQs 

0.536  gram  CaCOi  +  1.00  gram  Na«CQ, 

0.536    gram    CaCOi  +  0.056    gram    Na8C0i+ 0.044    gram 

NaHCQ, 

0.536    gram    CaCQs  +  0.056    gram    NaaCQ.  +  0.044    gram 

NaHCOs 


N 

AVnAOKN 

mgm. 

mem. 

2.3296 

2.5312 

2.4304 

2.9960 

4.1440 

3.5700 

2.6852 

2.5760 

2.6306 

2.4640 

2.9688 

2.7164 

Lost 

3.0016 

3.0016 

2.7104 

2.7552 

2.7328 

3.0912 

4.2928 

3.6920 

2.8224 

Lost 

2.8224 

2.5760 

3,4272 

3.0016 

On  examining  this  table  it  is  apparent  that  calcium  carbonate  increased 
the  nitrification  process  to  a  considerable  extent.  This  is  in  accord  with  the 
tests  previously  discussed  with  calcium  carbonate.  The  sodium  cairbonate  and 
the  bicarbonate  both  depressed  considerably  the  activities  of  the  nitrifiers 
over  calcium  carbonate  alone,  the  larger  appUcation  bringing  about  a  greater 
depression  in  the  case  of  the  bicarbonate,  but  practically  the  same  results 
being  secured  with  both  amounts  in  the  case  of  the  carbonate. 

Some  differences  are  evident  here  from  the  results  secured  with  the  use  of 
the  two  salts  without  calcium  carbonate.     In  those  cases  the  small  amoimt 
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of  the  carbonates  increased  nitrification  slightly,  but  n  the  presence  of  CaCOa 
in  this  series,  a  depression  occurred.  This  is  an  interesting  difference  and 
points  to  the  fact  that  amounts  of  these  salts  which  alone  are  non-toxic  may 
become  toxic  when  present  with  CaCQj. 

When  calcium  sulfate  was  used  with  the  smaller  amount  of  the  sodiimi 
carbonate,  the  injurious  effect  of  the  carbonate  was  neutralized  and  no  in- 
fluence on  nitrification  is  noted.  This  is  in  accord  with  the  results  secured 
with  the  two  salts  in  the  absence  of  CaCOs.  When  the  bicarbonate  is  con- 
sidered, however,  the  use  of  the  calcium  sulfate  with  the  bicarbonate  depressed 
the  process  more  than  was  the  case  with  the  bicarbonate  alone.  This  is 
exactly  opposite  from  the  results  secured  in  the  previous  series  in  the  ab- 
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Fig.  9.  Effects  of  CaCOj  and  NaHCQs,  NajCOi  and  CaS04  in  the  Presence  of  CaCOi 
ON  Nitrification  in  Alkali  Soil 

sence  of  CaCQj.  Only  one  determination  was  made  with  the  use  of  the 
bicarbonate  alone,  and  hence  that  result  may  not  be  absolutely  accurate, 
but  the  differences  secured  are  definite  enough  so  that  it  must  be  con- 
cluded that  in  the  presence  of  CaCOs  calcium  sulfate  does  not  neutralize  the 
toxic  effect  of  sodium  bicarbonate. 

When  the  bicarbonate  and  carbonate  of  sodium  were  appUed  together,  the 
depression  in  nitrification  ¥ras  less  than  with  the  sodium  carbonate  alone 
and  about  the  same  as  that  from  the  bicarbonate  alone. 

These  results,  as  a  whole,  show  distinctly  the  toxic  effects  of  the  carbonate 
and  bicarbonate  of  sodium  on  nitrification  in  this  soil  in  the  presence  of 
CaCOj.    Furthermore,  smaUer  amounts  became  toxic  than  in  the  same  soil 
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m  the  absence  of  CaCOs.  CaSO^  prevents  the  toxic  action  of  sodium  car- 
bonate, but  it  does  not  seem  to  be  similarly  efficient  with  the  bicarbonate  in 
the  presence  of  CaCOg. 

GiLEENHOUSE  EXPERIMENTS 

Comparative  experiments  similar  to  the  above  were  carried  out  in  the 
greenhouse,  nitrification  tests  being  rim  on  both  the  normal  and  alkali  soils, 
after  beans  had  been  grown  and  harvested.  In  these  pot  experiments  10 
pounds  of  soil  were  used  and  the  treatment  of  the  normal  soil  was  calculated 
to  imitate  alkaU-soil  conditions.  The  amounts  of  the  various  alkali  salts 
added  singly  of  in  combination  to  the  normal  soil  were  the  same  as  those  found 

TABLE  10 
EfeOs  of  NaCl,  Na«S04,  MgS04  and  C&SO4  on  nitrification  in  normal  soil 


raUBT  SAMPUKO 

SBCOND  BAMPU^O 

THOtO  SAMVUKQ 

HTJU' 

TUATllSNr                  9 

BXK 

Avenge  N 

Average  N 
for  pots 

Average  N 

Average  N 
forpoU 

Average  N 

Average  K 

forpoU 

M^. 

mgm* 

mgm. 

mgm. 

mgm. 

mgm. 

None 

6.6570 
6.2748 
6.1562 

6.4659 

6.6010 
6.2916 
6.5464 

6.4463 

6.9060 
6.7088 
7.0280 

None 

6.8074 

0.005  per  cent  NaCl 

0.005  per  cent  NaCl 

6.0088 

6.0825 

6.5874 

6.5664 

7.0168 

7.0224 

0.518  per  cent  Na,S04.... 

6.5562 

6.5996 

6.3168 

0.518  per  cent  NaaS04.... 

5.9066 

6.2314 

6.3476 

6.4736 

6.4932 

6.4050 

0.023  per  cent  MgS04. . . . 

7.4466 

5.8660 

6.8368 

8 

0.023  per  cent  MgS04. . . . 

6.5940 

7.0203 

6.4381 

6.1520 

6.9622 

6.8995 

9 

0.189  per  cent  CaCO* 

6.4932 

6.6280 

7.7420 

10 

0.189  per  cent  CaCOi 

7.3234 

7.1583 

6.7340 

6.6810 

6.6870 

7.2145 

11 

All  four  salts 

6.4288 
6.5940 

6.5114 

6.4932 
6.1278 

6.3105 

6.8152 
7.0158 

12 

All  four  salts 

6.9155 

by  analysis  in  the  alkali  soil.  The  alkaU  soil  received  additions  of  calcium 
carbonate  and  of  sodium  carbonate  and  bicarbonate  with  and  without  additions 
of  caldiun  sulfate. 

All  the  treatments  were  in  duplicate,  and  the  arrangement  of  the  pots  is 
shown  in  tables  10  and  11. 

The  pots  were  weighed  at  the  time  of  filling  and  brought  up  to  the  optimum 
moisture  content,  which  was  20.0  per  cent  for  the  normal  soil  and  20.8  per  cent 
for  the  alkali  soil.  The  moisture  content  was  kept  constant  throughout  the 
experiment  by  adding  water  to  weight.  This  water  was  added  by  means  of  a 
tube  at  the  bottom  of  the  pots,  in  order  to  prevent  puddling.  The  experi- 
ment was  started  on  November  12,  1915,  and  beans  seeded  in  all  the  pots  in 
the  attempt  to  ascertain  whether  the  effects  of  the  alkali  salts  would  be  the 
same  on  the  crop  grown  as  on  the  nitrifying  organisms.  After  the  crop  was 
removed,  samples  were  drawn  and  tested  for  nitrifying-  power  on  February 
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23,  March  10  and  March  20  for  the  normal  soils,  and  on  February  6,  Febru- 
ary 25,  March  12  and  March  22  for  the  alkali  soils.  The  procedure  in  these 
tests  was  the  same  as  that  already  outlined,  except  that  fresh  soil  was  used, 
no  soil  infusion  was  added,  and  of  course,  no  salts  were  used,  the  idea  being  to 
determine  the  nitrifying  power  of  the  soils  receiving  the  various  salts  after  a 
crop  had  been  grown  and  after  the  salts  had  been  present  in  the  soil  for  a 
comparatively  long  period. 

The  residts  of  the  tests  of  the  normal  soils  are  given  in  table  10  and  figures 
10  and  11,  and  of  the  alkali  soils  in  table  11  and  figures  12  and  13. 
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Fig.  11 


Fig.  10 

Fig.  10.  Effects  of  NaCl,  NasSO^,  MgS04  and  CaCQi  on  NrraiPiCATiON  in  Normal 

Soil— Second  Sampling  (Pot  Experiments) 
Fig.  11.  Effects  of  NaCl,  NajSO*,  MgSO*,  and  CaCOi  on  Nitripication  in  Normal 
Soil— Third  and  Fourth  Samplings  (Pot  Experiments) 

Normal  sail  tests 

Considering  the  results  as  a  whole,  it  is  apparent  from  table  10  that  sodiimi 
chloride  gave  a  very  slight  increase  in  nitrification.  This  increase  was  quite 
noticeable  at  the  last  two  sampUngs.  This  effect  of  the  use  of  0.005  per  cent 
of  NaCl  checks  exactly  with  the  results  secured  in  the  laboratory  test  with  the 
use  of  NaCl  as  shown  in  table  1.  Evidently  the  stimulSttive  effect  of  the  NaCl 
on  nitrification  when  amounts  not  exceeding  O.OOS  per  cent  were  used  continues 
for  some  time  after  the  application  is  made,  if  these  residts  in  the  pots  are 
considered  sufficiently  definite  to  warrant  conclusions.  At  any  rate,  no 
toxic  effect  is  seen.  NajSOi  gave  a  slight  toxic  effect  on  the  nitrifying  power 
of  the  soil,  as  shown  at  the  first  and  last  samplings.    A  very  slight  increase 
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TABLE  U 
Efecls  of  CaCOi,  NaHCOk,  NazCQs  and  CaS04  on  nUrification  in  alkali  soU 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11* 
12 
13t 
14t 


None 
None 
0.189 
0.189 
0.378 
0.378 
0.109 
0.109 
0.218 
0.218 
0.109 
0.109 
0.218 
0.218 


per  cent 
per  cent 
percent 
percent 
percent 
percent 
per  cent 
percent 
per  cent 
percent 
per  cent 
per  cent 


CaCOi. . . 
CaCO,. . . 
CaC(V.. 
CaCOi... 
NaHCO,. 
NaHCOi. 
NatCO,... 
NaiCO,. . . 
NaHCOi. 
NaHCOi. 
NajCOi. . 
Na,CO,. . . 


*  Plus  0.177  per  cent  CaSO^, 
t  Plus  0.261  per  cent  CaSO*. 
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Fig.  12  Fig.  13 

Fig.  12.  Effects  of  CaCOs,  NaHCOj,  NaiCOi  and  CaSO*  on  Nitrification  in  Aikai^ 
Soil — First  and  Second  Sampungs  (Pot  Experiments) 

Fig.  13.  Effects  of  CaCOi,  NaHCOi,  NaiCQs,  and  CaSO*  on  Nitrification  in  .Alia" 
Soil— Third  and  Fourth  Samplings  (Pot  Experiments) 
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occurred  at  the  second  sampling,  but  the  difference  was  too  small  to  be  con- 
sidered significant.  The  laboratory  tests  showed  a  stimulative  effect  of  0.518 
per  cent  of  NasSOi  on  nitrification  but  the  effect  evidently  disappears  after  the 
salt  has  been  in  the  soil  for  several  months  and  a  shght  toxic  effect  is  found 
from  this  amount  of  this  salt.  MgSOi  gave  a  beneficial  effect  on  nitrification 
at  all  samplings  except  the  second,  and  this  is  in  accord  with  the  results  se- 
cured in  series  III,  where  0.022  per  cent  of  MgSOi  gave  a  distinct  increase  in 
the  process.  The  effect  was  not  so  great  here  and  evidently  the  beneficial 
influence  of  the  salt  gradually  decreased  as  the  time  since  application  in- 
creased. After  a  still  longer  period  it  is  possible  that  there  would  have  been 
no  effect  whatever  or  the  opposite  influence  from  this  salt,  just  as  was  noted 
with  the  Na2S04. 

CaCOs  in  all  cases  gave  a  pronounced  increase  in  nitrification  and  this 
result  checks  with  that  secured  in  the  laboratory  test.  The  effects  of  this  salt 
evidently  persist  for  a  longer  period  after  it  is  appUed  to  the  soil  than  is  the 
case  with  the  other  salts  just  mentioned.  This  salt  is  so  essential  in  soils  for 
the  process  of  nitrification  to  occur  to  the  best  advantage  that  its  effect  in 
increasing  the  process  is  easily  understandable. 

When  all  four  salts  were  appUed  together  there  was  no  effect  on  nitrifica- 
tion. The  beneficial  effect  of  the  calcium  carbonate  just  noted  was  not  ap- 
parent in  the  presence  of  the  other  salts.  The  slight  toxic  effect  from  the 
NasS04  noted  when  it  was  used  alone  evidently  increases  in  the  presence  of 
caldum  carbonate  and  this  is  offset  by  the  beneficial  influence  of  the  CaCOs. 
Harris  (4)  found  this  fact  to  be  true  in  his  tests  of  the  alkali  salts  on  crop 
growth.  It  also  forms  a  basis^for  the  result  secured  in  series  VIII  showing 
the  toxic  effect  of  CaCOs  when  applied  in  larger  quantities  to  the  alkali  soil. 

Alkali  sail  tests 

On  examining  the  results  of  the  nitrification  tests  in  the  soils  from  the 
alkali  pots  it  is  seen  that  CaCOs  in  both  amounts  used  increased  the  nitrify- 
ing power  of  the  soil.  The  larger  amount  gave  the  larger  increase  in  all 
cases.  The  gains  were  generally  quite  considerable.  Likewise,  the  NaHCOs 
gave  quite  considerable  increases  in  the  nitrifying  power  of  the  soils.  These 
results  are  in  agreement  with  the  laboratory  tests  in  series  V  which  showed 
decided  benefit  to  nitrifidsition  from  the  use  of  0.10  per  cent  NaHCOs.  That 
series  showed  larger  amounts  than  this  to  be  toxic  to  the  nitrifiers  and  ex- 
periments of  others  have  shown  that  larger  amounts  are  injurious,  hence  it  is 
evident  that  this  alkali  soil  does  not  contain  any  considerable  amount  of 
NaHCOs.  With  Na2COs,  very  similar  results  were  secured  as  with  the 
bicarbonate.  Distinct  increases  in  nitrifying  power  were  noted  at  every 
sampling.  These  results  check  fairly  accurately  with  those  secured  in  series 
VI  which  showed  a  stimulation  in  nitrification  from  the  application  of  0.10 
per  cent  and  a  depression  at  0.30  per  cent.  It  is  quite  possible  that  the 
turning  point  occurred  in  that  case  at  about  0.30  per  cent  and  that  0.20  per 
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cent  wotild  have  shown  an  increase.  Larger  amounts  of  this  salt,  like  the 
bicarbonate,  depress  nitrification,  and  hence  it  would  seem  that  this*  alkali 
soil  is  not  extremely  high  in  this  salt.  When  calcium  sulfate  was  used  with 
the  sodium  salts,  in  every  case,  with  both  salts  there  was  an  increased  stimu- 
lation in  nitrification.  The  calcium  sulfate  alone  in  the  laboratory  tests  in 
series  VII  showed  no  effect  on  nitrification  in  the  alkali  soil,  so  the  effect 
here  is  evidently  due  to  the  combinations  with  the  sodium  salts.  Series  DC 
showed  a  slight  increase  in  nitrification  when  CaSOi  was  applied  with  Nai CQi 
in  the  presence  of  CaCOt,  and  that  result  may  serve  to  verify  the  present. 
NaHCOs  in  that  series  did  not  produce  this  effect.  It  is  apparent  from  these 
results  that  the  nitrification  process  in  this  alkali  soil  was  not  low  as  a  result 
of  any  excess  of  sodiiun  carbonate  or  bicarbonate.  Calcium  carbonate  in 
large  amounts  likewise  did  not  depress  nitrification,  so  the  alkali  condition  is 
evidently  not  due  to  excess  of  this  salt  in  the  alkali  soil.  The  laboratory 
tests  and  the  tests  in  the  greenhouse  soil  several  months  after  treatment  were 
in  excellent  agreement. 

Crop  experimefU 

As  has  been  mentioned,  beans  were  seeded  in  both  the  normal  and  alkali 
soils  in  the  greenhouse  tests.    Four  separate  plantings  were  made  in  the 


TABLE  12 
Crop  results  of  pots  containing  normal  soils 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


nXATMSMT 


None 

None 

NaCl— 0»005  per  cent. . 
NaCl— 0.005  per  cent. . 
NaiS04— 0.518  per  cent 
NajSOi— 0.518  per  cent 
MgSOi— 0.023  per  cent. 
MgSOi— 0.023  per  cent. 
CaCQi— 0.189  per  cent. 
CaCQi— 0.189  per  cent. 

All  four  salts 

All  four  salts 


tnms 
33 
39 
41 
39 
31 
31 
49 
46 
42 
38 
35 
34 


36.0 
40.0 
31.0 
47.5 
40.0 
34.5 


alkali  soil  but  the  seed  refused  to  germinate.  Barley  was  then  seeded,  but 
grew  only  in  the  pot  receiving  CaCO»,  and  the  per  cent  of  germination  was 
very  small.     No  crop  results  in  the  alkali  soil  were  secured,  therefore. 
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Fig.  14.  Effects  xtpon  Beans  Grown  in  Normal  Soil  with  the  Addition  of  Various 

Alkau  Salts 
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In  the  norma  soil  the  bean  crop  was  harvested  on  February  4,  and  the 
green  weight  secured.  The  results  m  table  12  and  figure  14  show  the  crop 
3delds.  The  NaCl  gave  an  increase  in  the  crop^  as  did  the  MgSOi  and  CaCQs; 
the  Na2S04  depressed  the  yield  slightly  and  the  combination  of  all  four  salts 
gave  no  eflFect  on  the  crop.  These  results  check  quite  accurately  with  the 
results  of  the  nitrification  tests  in  the  greenhouse  soik  and,  except  for  the 
Na2S04,  with  the  results  in  the  laboratory.  NasSOi  in  these  latter  tests  in- 
creased nitrification.  The  amounts  of  NaCl,  MgSOi  and  CaCOs  used  were 
beneficial,  both  to  crop  growth  and  to  nitrification,  while  the  Na2S04  was  in- 
jurious, except  in  the  laboratory  test.  All  the  salts  together  had  no  eflFect. 
Lipman's  (8,  9,  10)  conclusion  that  nitrification  tests  and  crop  effects  agree, 
in  the  case  of  alkali  salt  studies  is  thus  confirmed.  These  crop  results  agree 
very  well  with  those  of  Harris  (4)  already  referred  to. 

SUMMARY  AND  CONCLUSIONS 

These  studies  on  the  effects  of  alkali  salts  on  nitrification  in  a  normal  soil 
from  Wyoming,  and  on  comparative  nitrification  in  normal  soil  variously 
treated  and  in  alkali  soil,  imtreated  and  treated,  gave  results  which,  while 
perhaps  not  conclusive,  are  at  least  indicative  of  certain  relations  in  the  field. 
These  indications  may  be  summarized  thus: 

1.  Nitrification  in  normal  soil  is  stimulated  by  small  amounts  of  NaCl, 
NasSOi  and  MgSOi,  and  large  amounts  of  CaCOg.  These  salts  become  toxic, 
however,  at  certain  points,  which  undoubtedly  vary  in  different  soils.  With 
this  soil  in  laboratory  tests  the  toxic  point  was  0.02  per  cent  NaCl,  2.00  per 
cent  Na2S04  and  between  l.S  and  6.00  per  cent  CaCQj.  The  toxic  point  for 
MgS04  was  not  determined. 

2.  Nitrification  in  alkali  soil  was  increased  by  small  amounts  of  NaHCOj, 
NajCOt  and  CaCOa.  Calcium  sulfate  had  no  effect.  These  salts  became  toxic 
in  this  soil  at  0.30  per  cent  for  both  the  sodium  carbonate  and  bicarbonate 
and  at  6.0  per  cent  for  the  CaCOa.  The  addition  of  CaS04  with  the  sodium 
carbonate  and  bicarbonate,  in  the  proper  amount  to  react  with  them,  pre- 
vented any  toxic  effect  from  the  largest  amount  used. 

3.  The  tests  in  the  greenhouse  soils  checked  very  closely  with  the  laboratory 
studies  in  the  case  of  the  alkali  soils.  In  the  normal  soils  the  agreement  was 
likewise  good,  except  in  the  case  of  Na2S04.  That  salt  became  toxic  according 
to  these  tests  at  a  concentration  of  0.5  per  cent.  This  is  a  very  much  lower 
toxic  point  than  was  noted  above  but  nearer  that  found  by  others. 

4.  The  effect  on  the  crop  grown  in  normal  soil  of  the  alkali  salts,  with  the 
exception  of  the  Na2S04,  were  very  similar  to  the  effects  on  nitrification  in  both 
laboratory  and  greenhouse  tests.  Increases  were  secured  with  NaCl,  MgS04 
and  CaCOa,  but  Na2S04  caused  a  depression  in  crop  and  in  nitrification  in  the 
greenhouse  soils.  All  the  salts  together  had  no  effect.  In  general,  it  seems  that 
nitrification  and  crops  are  very  similarly  affected  by  alkali  salts. 
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5.  Crops  refused  to  grow  in  the  alkali  soil,  but  the  injurious  factor  was 
evidently  not  an  excess  of  NaHCQs  or  NajCOs,  as  additions  of  these  salts 
increased  nitrification  in  the  soil.  The  injurious  factor  was  likewise  evidently 
not  CaCOs,  for  that  compound  stimulated  nitrification  in  the  alkali  soil. 
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Until  recently  scant  consideration  was  accorded  the  element  sulfxir  in  the 
study  of  soil  fertility.  Inaccurate  methods  of  ash  analysis,  which  failed  to 
show  the  entire  amounts  assimilated  by  plants,  were  probably  in  a  large  meas- 
ure responsible  for  failure  to  attribute  to  sulfur  an  important  rdle  in  the  study 
of  plant  needs.  It  was  therefore  natural  that  slight  attention  should  be  paid 
to  the  form  or  extent  of  the  element  as  it  occurs  in  soil.  But  within  the  last 
several  years  particular  attention  has  been  given  the  subject  from  the  several 
viewpoints  of  plant-ash  composition,  conservation  of  soil  supply,  and  the 
amount  derived  from  rainfall.  The  relationship  between  soil  sulfur  and  bio- 
logical activities  also  has  been  studied.  The  Wisconsin,  Kentucky,  Rotham- 
sted,  Ohio,  Nebraska,  and  Iowa  stations  have  contributed  to  the  literature 
upon  the  several  phases  of  the  subject. 

The-  results  submitted  in  this  paper  were  not  obtained  from  a  study  which 
•had  its  inception  in  a  consideration  of  the  sulfur  problem.  However,  the 
findings  as  to  the  behavior  of  the  element  during  the  first  two  annual  periods 
have  been  exceedingly  striking.  It  is  not  intended  at  this  time  to  offer  a 
complete  study  or  a  full  array  of  data  obtained,  nor  of  conclusions  suggested 
thereby,  but  to  submit  the  findings  in  the  way  of  a  preliminary  report  for  the 
benefit  of  those  who  are  working  upon,  or  who  are  particularly  interested  in, 
the  sulfur  problem  as  related  to  soil  fertility. 

Before  offering  the  data  obtained,  it  is  essential  that  a  brief  description  of 
the  experimental  equipment  and  methods  followed  be  given.  A  mellow  sandy 
loam  from  the  second  bench  of  the  Tennessee  River  at  Knoxville  was  used. 
One  hundred  pounds  of  soil,  on  the  moistuie-free  basis,  were  used  for  each 
treatment.  The  lysimeter  equipment  used  in  the  work  is  illustrated  in  plate 
1  (figs.  1  and  2).  The  soil  leaching  studies  now  being  carried  out  in  the  equip- 
ment were  intended  to  supplement  the  work  of  this  station  upon  the  problem  of 
absorption  of  the  several  forms  of  lime  and  magnesia  by  soil  under  field  condi- 
tions. In  the  preliminary  work,  reported  upon  in  part  in  Tennessee  Agricultural 
Experiment  Station  Bulletin  107,  both  2- and  8-ton  applications  of  lime  per 
acre,  or  equivalent  amounts  of  the  several  forms'  of  the  earthy  alkalies,  were 
made.  In  the  supplementary  work  here  considered,  the  treatments  were 
based  upcn  chemical  equivalences  of  8,  32  and  100  tons  of  CaO  per  acre.    The 
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excessive  applications  were  made  with  the  idea  of  affording  an  opportimity 
for  a  study  of  fundamentals,  rather  than  delimiting  the  work  to  bounds  which 
would  yield  data  susceptible  of  only  practical  application.  The  following 
seven  alkaU-earth  materials  were  used:  burnt  lime,  burnt  magnesia,  precipi- 
tated caldimi  carbonate,  precipitated  magnesium  carbonate,  100-mesh  lime- 
stone, 100-mesh  dolomite,  and  100-mesh  magnesite.  Each  treatment  was 
thoroughly  mixed  with  moist  soil  in  good,  workable  condition  and  placed 
in  a  galvanized  iron  l3rsimeter  containing  a  sand  filter  bed,,  and  having  a 
block  tin  drainage  tube.  In  a  second  set,  placed  simultaneously,  the  foregoing 
21  treatments  were  duplicated  as  to  surface  soil,  but  in  this  set  one  foot  of 
day  subsoil  was  placed  between  each  sand  filter  and  the  overlying  surface 
soil.  Two  additional  tanks  also  were  used  as  separate  containers  for  the 
relatively  inactive  natural  silicates,  wollastonite,  and  serpentine.  Blanks  of 
both  depths  also  were  later  induded. 

The  successive  leachings,  derived  from  natural  rainfall  only,  from  July, 
1914,  to  July,  1916,  were  conveyed  to  the  laboratory,  where  their  respective 
alkalinities  were  immediately  determined.  Aliquots  were  then  preserved  in 
acid  solution  and  the  composites  for  each  year  were  subjected  to  complete 
analysis. 

In  the  fifth  and  sixth  colunms  of  table  I  are  given  the  total  alkalinities  of 
the  several  yearly  leachings,  expressed  as  cubic  centimeters  of  half  normality. 
In  the  seventh  and  eigth  columns  are  given  the  amounts  of  SOs  per  acre  for 
the  two  respective  annual  periods.  A  number  of  tests  were  made  upon  the 
several  solutions  in  order  to  determine  the  form  of  the  sulfiu:  present.  It 
appeared  that  all  of  the  sulfur  leached  was  in  the  form  of  sulfates. 

A  study  of  table  1  shows  certain  positive  and  consistent  differences,  par- 
ticularly as  to  the  estoppage  effected  by  the  subsoil.  During  the  first  y^r 
the  loss  of  sulfur  was  very  much  heavier  from  the  tanks  containing  only  sur- 
face soil  than  from  the  tanks  which  contained  subsoil  also.  As  a  rule  the 
same  holds  for  the  second  year;  but  a  marked  exception  is  to  be  observed  in 
the  instances  where  the  oxide  and  precipitated  carbonate  of  magnesium  were 
applied.  The  averages  of  the  total  amounts  of  SOs  leached  from  all  the 
tanks  receiving  the  several  carbonates  are  472  pounds  and  221  pounds  per 
acre,  respectively,  for  the  years  1914-1915  and  1915-1916,  in  the  case  of  the 
tanks  having  no  subsoil,  as  compared  with  31.1  pounds  and  114.8  pounds  per 
acre,  respectively,  for  the  identically  treated  tanks  during  the  same  two  years 
where  the  surface  soil  was  underlaid  with  one  foot  of  day  subsoil.  The  material 
increase  in  the  average  of  SOs  leached  through  the  subsoil  diuing  the  second 
year  is  due  mainly  to  the  fact  that  during  that  period  large  amounts  of  sulfur 
began  to  leach  from  the  tanks  oohtaining  the  treatments  of  oxide  and  pre- 
dpitated  carbonate  of  magnesiimi,  and  from  these  tanks  only.  Analyses  of 
the  leachings  established  the  fact  that  the  downward  movement  of  sulfur 
and  that  of  magnesium  were  parallel.  Thiat  is,  where  no  subsoil  was  placed, 
large  quantities  of  both  sulfur  and  magnesium  leached  out  of  the  surface  soil 
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TABLE  1. 
AlkaUnity  of  leackings  and  anumtU  of  sulfur  trioxide  Uached  in  two  years*  tests 


1 
22 

8 

J29 

15 

36 

2 
23 

9 
30 
16 
37 

3 

24 
10 
31 
17 
38 

4 
25 
11 
32 
18 
39 

5 

26 
12 
33 
19 
40 

6 
27 
13 
34 
20 
41 

7 

28 
14 
35 
21 
42 

43 
44 


Substance  applied 


CaO 

CaO 

CaO 

CaO 

CaO 

CaO 

MgO 

Mgp 

MgO 

MgO 

MgO 

MgO 

CaCOi 

CaCOi 

CaCOi 

CaCQ, 

CaCOi 

CaCOi 

MgCQ, 

MgCQ, 

MgCQ, 

MgCOi 

MgCO, 

MgCO, 

Ground  limestone. 
Ground  limestone . 
Ground  limestone. 
Ground  limestone . 
Ground  limestone. 
Ground  limestone . 

Ground  Dolomite . 
Ground  Dolomite. 
Ground  Dolomite . 
Ground  Dolomite. 
Ground  Dolomite . 
Ground  Dolomite . 

Ground  Magnesite 
Ground  Magnesite 
Ground  Magnesite 
Ground  Magnesite 
Ground  Magnesite 
Groimd  Magnesite 

Wallostonite 

Serpentine 


Rate- 
tons  per 
acre 


8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

100 

8 

8 

32 

32 

100 

}00 

32 
32 


AMOONT  aw  SI7BS0KL 


TOTAL  ALKAUNCnr 

or  LIACBING8— 

CUBIC  CBMTl- 

N/2 


None 
Ifoot 
None 
Ifoot 
None 
Ifoot 

None 
Ifoot 
None 
Ifoot 
None 
Ifoot 

None 
Ifoot 
None 
Ifoot 
None 
1  foot 

None 
Ifoot 
None 
Ifoot 
None 
Ifoot 

None 
Ifoot 
None 
1  foot 
None 
Ifoot 

None 
1  foot 
None 
Ifoot 
None 
1  foot 

None 
Ifoot 
None 
1  foot 
None 
Ifoot 

1  foot 
1  foot 


1914-15  1915-16 


449 

102 
1642 

114 
4301 

119 

1024 
98 

2572 
65 

1120 
95 

165 
105 
279 
122 
250 
98 

2207 

98 

2365 

170 

2418 

94 

379 
89 
3M) 
111 
392 
164 

230 
101 
311 
118 
298 
123 

489 
118 
873 
140 
433 
131 

177 
170 


604 
174 
592 
98 
5011 
105 

937 
153 

4089 
476 

2392 
99 

434 
140 
442 
141 
399 
133 

1356 
163 

3223 
451 

3833 
217 

479 
128 
459 

125 
484 
161 

376 
155 
548 
122 
528 
132 

679 
158 
859 
178 
785 
160 

170 

174 


SOti 

POOMDB  Rft  ACKB 
FBR  AMNUK 


1914-15 


341.0 
32.9 
19.0 
25.0 
67.0 
17.4 

469.0 
40.1 

567.0 
18.0 

581.0 
24.6 

468.0 
34.9 

448.0 
29.3 

460.0 
27.0 

528.0 
31.7 

551.0 
54.9 

618.0 
38.4 

540.0 
19.5 

399.0 
31.4 

402.0 
40.4 

401.0 
20.7 

402.0 
38.8 

417.0 
26.5 

512.0 
30.6 

426.0 
21.1 

509.0 
22.0 

35.3 
42.1 


1915-16 


267.0 
68.2 

116.0 
21.6 
15.0 
29.5 

141.0 
161.6 
216.0 
488.7 
291.0 
228.7 

203.0 
58.4 

187.0 
30.1 

287.0 

124.0 

170.0 
136.2 
203.0 
593.6 
364.0 
409.7 

214.0 
29.1 

172.0 
27.5 

215.0 
87.2 

215.0 
27.4 

238.0 
77.7 

325.0 
18.4 

171.0 
36.0 

176  0 
44.6 

181.0 
21.8 

26.2 
18.6 
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treated  with  the  oxide  and  carbonate  of  magnesium  during  both  years.  How- 
ever, although  the  subsoil  arrested  the  passage  of  both  magnesium  and  sulfur 
during  the  first  year,  it  permitted  the  passage  of  both  elements  during  the  second 
year.  The  elimination  of  the  results  from  the  magnesium  carbonate  tanks 
materially  alters  the  average  of  the  subsoil  tanks  for  the  second  annual  period. 
If  we  average  the  leachings  from  the  tanks  containing  treatments  of  the  nat- 
ural carbonates  of  both  calcium  and  magnesium  and  also  those  containing 
precipitated  carbonate  of  lime,  the  alkali  earths  in  all  of  which  are  still 
in  large  measure  retained  by  the  subsoil,  we  find  a  loss  of  215  pounds 
per  acre  for  surface  soil  alone,  but  a  loss  of  only  48  pounds  where  the  absorp- 
tion effected  by  the  subsoil  is  introduced  as  a  factor  during  the  second  year 
of  the  experiment.  It  is  thus  apparent  that  the  presence  of  the  underl3dng 
subsoil  either  inhibits  the  formation  of  magnesiiun  sulfate  within  the  surface 
soil,  or,  if  not  inhibiting  its  formation,  increases  the  holding  capacity  of  the 
soil  for  sulfur,  as  well  as  for  magnesium;  or  else  the  subsoil  absorbs  not  only 
the  basic  ion  but  also  the  acid  radicle.  The  first  assumption  is  not  tenable, 
and  it  is  probably  beyond  doubt  that  the  subsoil  has  effected  an  absorption 
of  both  Mg  and  SO*  ions  without  any  interchange  of  bases,  this  being  con- 
firmed by  the  analyses  of  the  alkalies  in  the  leachings. 

Considering  the  treatments  in  the  order  in  which  they  occur  in  table  1, 
the  8-ton  applications  of  burnt  lime  slightly  depress  the  amoimts  of  sulfur 
coming  through  in  the  leachings,  as  compared  with  the  other  and  equivalent 
treatments;  but  the  324on  and  lOO-ton  treatments  practically  inhibit  the  out- 
ward movement  of  sulfur  in  solution.  No  such  retardation  in  the  sulfate  leach- 
ings was  demonstrated  by  the  precipitated  carbonate  or  by  the  natural  car- 
bonate of  lime,  even  in  the  case  of  the  100-ton-equivalent  applications.  It 
may  be  observed  that  during  the  second  year,  when  the  32-ton  treatment  of 
lime  had  become  in  large  part  carbonated,  the  increase  in  the  sulfates  leached 
was  over  six-fold.  It  is  hoped  that  we  may  be  able  later  to  state  more  defi- 
nitely whether  the  marked  depression  is  due  to  chemical  or  to  biological 
causes,  or  to  a  combination  of  the  two  agencies. 

The  effect  of  oxide  of  magnesium  has  been  the  reverse  of  that  produced 
by  burnt  lime.  Either  the  tendency  to  form  sulfates  was  engendered  or 
accelerated  by  magnesia,  or  else  the  ability  of  the  soil  to  retain  sulfates  has 
been  depressed.  As  previously  stated,  we  have  observed  that  the  movement 
of  sulfur  and  that  of  magnesium  are  parallel  in  the  leachings  so  far  studied 
and  it  is  interesting  to  note  that  in  the  case  of  the  32-ton  treatments  of  both 
oxide  and  carbonate  of  magnesium,  the  magnesiimi  appeared  in  the  leachings 
from  the  subsoil  lysimeters  in  appreciable  amounts  prior  to  like  appearance 
in  the  case  of  the  100-ton  treatments.  The  amounts  of  sulfur  leached  from 
these  same  tanks  were  in  accord  with  this  unanticipated  finding  of  magnesium. 

All  of  the  natural  carbonates,  in  the  several  amoimts,  appeared  to  bring 
about  conditions  which  caused  an  augmented  outgo  of  SOj,  when  compared 
with  subsoil  tanks  which  received  no  carbonate  treatment.    The  concen- 
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tiations  of  the  leachings  during  the  second  year  were  greater,  with  leference 
to  their  sulfate  contents,  than  during  the  first  year,  but  the  volumes  leached 
during  the  second  year  were  less  than  during  the  initial  annual  period,  so 
that,  as  a  result,  when  calculated  to  the  pounds-per-acre  basis,  the  actual 
amounts  of  sulfur  leached  during  the  second  year  were  smaller  than  those 
which  passed  through  during  the  first  year.  If  the  abnormal  losses  are  due 
to  biological  activation,  such  a  result  would  be  expected. 

The  diflferences  between  the  results  produced  by  the  natural  and  the  pre- 
cipitated carbonates  are  interesting.  The  lesser  solubilities  of  the  natural 
carbonates  are  reflected  both  in  the  lack  of  appreciable  increase  in  the  amounts 
of  SOs  leached  and  in  the  constancy  of  the  alkalinities  of  the  several  leachings. 
The  greater  active  mass  aflForded  the  soil  for  the  satisf3dng  of  its  absorptive 
power,  in  the  case  of  the  more  soluble  oxides  and  precipitated  carbonates, 
has  caused  an  earlier  demonstration  of  the  accelerated  movement  of  alkali- 
earth  sulfates,  if,  indeed,  the  natural  carbonates  are  ever  to  demonstrate  such 
a  tendency. 

The  s6il's  initial  total  sulfur  trioxide  content  was  0.1290  per  cent,  while  ' 
the  subsoil  showed  a  total  per  cent  of  0.1249.    The  amount  of  SOs  extracted 
by  a  3-hour  agitation  with  distilled  water  was  0.0152  per  cent  for  the  sur- 
face soil  and  0.0036  per  cent  for  the  subsoil.    Twenty-gram  charges  were 
used  in  making  both  determinations. 

It  can  readily  be  seen  that  a  continued  loss  of  sulfates,  in  proportions  ap- 
proximating those  which  have  transpired  to  date,  would  effect  a  speedy  and 
absolute  depletion  of  the  initial  organic  sulfur  content.  Particularly  is  this 
true  of  the  oxide  and  precipitated  carbonate  of  magnesia,  while,  to  date, 
the  excessive  burnt-lime  treatments  are  an  outstanding  exception.  In  addi- 
tion, however,  to  the  initial  store  of  organic  and  inorganic  sulfur,  there  must 
needs  be  considered  the  excessive  supplementary  aerial  supply. 

The  University  farm  is  located  within  the  boundary  of  the  city  of  Enoz- 
ville,  where  a  large  amount  of  soft  coal  is  burned.  This  may  be  appreciated 
by  the  fact  that  the  average  of  analyses  of  three  years'  rainfall  by  three  ana- 
lysts shows  the  annual  precipitation  of  sulfur  trioxide  to  be.  124  pounds  per 
acre.  The  anal3rtical  data  obtained  from  analyses  of  the  original  soil,  long 
exposed  to  the  sulfur  of  rainfall,  do  not  suggest  any  characteristic  property 
of  this  soil  to  conserve  the  sulfur  obtained  from  aerial  sources. 
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PLATE  1 

FkG.  1.    Outside  View  of  Hillsids  Lysdceter  Equipment 
Fig.  2.    Inside  View  at  Hillside  Lysiiceter  Equipment 
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THE  RATE  OF  WATER  MOVEMENT  IN  AERATED  SOILS 

HOWARD  E.  PULLING 
Laboratory  of  Plant  Physiology  Johns  Hopkins  University 

Receivwl  for  pubUcatioii  May  31.  1917 

Of  the  many  processes  operative  in  soils  that  are  of  interest  to  plant  physiol- 
ogists, those  concerned  in  the  movement  of  water  are  of  primary  importance, 
because  they  modify  the  effects  of  all  the  other  processes  upon  rooted  plants. 
Furthermore,  as  has  been  repeatedly  emphasized  (5,  14,  15,  16,  17)  the  ratio 
between  the  rate  at  which  water  moves  from  the  soil  into  the  plant  and  the 
rate  at  which  it  moves  from  the  plant  into  the  atmosphere  is  often  of  supreme 
importance  in  conditioning  the  existence  of  a  given  plant  or  species  of  plant  in 
a  given  habitat.  Before  any  quantitative  information  of  general  applicability 
can  be  obtained  regarding  the  rates  at  which  plants  absorb  water  from  the 
soil,  the  preliminary  question  dealing  with  the  maintenance  of  intimate 
contact  of  absorptive  surface  and  soil  water  must  be  answered.  Of  the  two 
ways  in  which  this  contact  may  be  effected,  namely,  by  growth  of  the  roots 
themselves  through  the  soil  as  the  water  is  absorbed,  and  by  movement  of  the 
soil  moisture  to  the  roots,  only  the  second  process  is  susceptible  of  investigation 
independently  of  the  other.  It  thus  appears  that  quantitative  knowledge 
concerning  the  movement  of  soil  water  is  of  immediate  importance  to  the 
general  physiology  of  rooted  plants.  Since  quafUUative  knowledge  concerning 
the  rates  of  movement  of  soil  moisture  is  desired  it  is  important  that  a  definite, 
quantitative  hypothesis  concerning  water  movement  be  developed,  and  this 
is  attempted  in  this  paper.  The  results,  combined  with  experimental  data, 
wiU,  it  is  hoped,  be  of  service  in  the  elaboration  of  a  more  precise,  mathe- 
matical statement  from  which  the  movement  of  soil  moisture  may  be  calculated 
from  measurable  soil  characters. 

In  approaching  this  problem  of  the  movement  of  water  in  soils  it  appears 
advisable  to  narrow  the  field  of  initial  inquiry  to  non-toxic,  non-saline,  drained 
(and  aerated)  soils  because  the  greater  number  of  higher  plants  of  temperate 
zones  (those  that  are  at  present  economically  and  ecologically  the  most  im- 
portant) are  rooted  in  such  soils.  The  processes  by  which  water  movement 
takes  place  may  be  grouped  under  two  heads:  mass,  or  molar  movement  of 
water,  and  molecular  movement.  The  latter,  which  includes  movement  by 
local  evaporation  and  condensation  and  by  diffusion  through  the  soil  solution, 
has,  in  general,  a  relatively  small  effect  upon  any  given  plant  during  its  grow- 
ing season.  In  the  following  discussion  only  molar  movement  of  water  will 
be  considered. 
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The  solution  of  this  problem  has  been  greatly  furthered  by  the  work  of 
Briggs  (6,  7)  and  of  Buckingham  (10).  Although  these  authors  obtained  no 
satisfactory  quantitative  statement  of  the  movement  of  water,  chiefly  be- 
cause they  possessed  no  instnunent  suitable  for  measuring  rates,^  their  de- 
scriptions of  the  structure  of  drained,  water-containing  soils  and  their  very 
complete  analysis  of  the  forces  operative  in  mass  movement  of  water  form  a 
valuable  basis  for  such  a  statement.  Obviously,  the  immediate  need  is  for  an 
instrument  that  will  be  suitable  for  absorbing  water  from  field  soils,  an  instru- 
ment whose  maximum  rate  of  absorption  is  greater  than  the  rate  of  water 
movement  in  the  soil,  whose  contact  with  the  soil  b  intimate  and  whose 
absorptive  surface  remains  fixed  in  position.  The  high  maximum  absorption 
is  essential  in  order  that  the  water  may  be  absorbed  as  fast  as  it  reaches  the 
instnunent  so  that  the  rate  of  movement  of  soil  moisture  may  be  determined. 
The  fixed  position  of  the  absorptive  surface  is  essential  in  order  that  move- 
ment of  this  surface  shall  not  complicate  the  analysis  of  the  results  of  its  use, 
or,  as  when  air  is  used  as  an  absorbing  medium,  a  dry  layer  of  soil  shall  not  be 
formed,  which  diminishes  the  rate  of  absorption. 

The  diffusion  of  water  into  a  solution  from  which  it  is  separated  by  a  septum 
that  permits  the  counter-diffusion  of  the  other  components  of  the  solution  to 
only  a  slight  degree  has  been  shown  by  Pulling  and  Livingston  (19)  to  be  of 
potential  value  as  the  operative  principle  of  such  an  instrument  and  was 
employed  in  this  investigation.  The  collodion  membrane,  prepared  in  the 
maimer  described  by  Bigelow  and  Gemberling  (4)  and  by  Smith  (21)  was 
found  to  be  adequate,  although  a  12-hour  immersion  in  an  80  per  cent  solu- 
tion of  ethyl  alcohol  in  water,  after  a  certain  amount  of  drying,  was  found 
to  decrease  the  permeability  and  increase  the  uniformity  of  the  membranes. 

In  the  present  studies  magnesium  sulfate  solutions  were  substituted  for 
those  of  cane  sugar,  which  were  used  in  the  earlier  work,  because  of  the  high 
viscosity,  great  variation  in  viscosity  with  temperature  changes  and  chemical 
unstableness  of  the  latter.  Preliminary  experimentation,  the  details  of 
which  are  not  germane  to  the  present  discussion,  led  to  the  selection  of  mag- 
nesium sulfate  in  solutions  of  approximately  M.l.S  concentration.*  As  high 
a  concentration  as  this  is  not  necessary  to  remove  water  from  the  soil,  but  in 
order  that  the  instrument  might  operate  for  several  hoiurs  with  uniform,  water- 
absorbing  power,  it  appeared  necessary  that  the  difference  between  the  speci- 
fic gravities  of  the  portion  of  the  solution  diluted  by  entering  soil  water  and 
that  of  the  undiluted  portion  be  great  enough  to  insure  rapid  operation  of 
convection  ciurents,  thus  rendering  a  higher  concentration  necessary. 

The  glass  thistle  tubes  used  in  the  Tucson  experiments  (19),  although  they 

*  The  difficulties  of  obtaining  proper  contact  between  absorbing  surface  and  soil  seem  to 
have  prevented  field  tests  with  the  instruments  that  had  previously  been  described.  Sec 
Briggs  and  McCall  (8),  Livingston  (14)  and  Whitney  and  Cameron  (22). 

•  This  solution  was  obtained  by  dissolving  1.5  of  the  gram-molecular  weight  of  hydrated 
(approximately  7  HtO)  magnesiimi  sulfate  in  1000  cc.  of  water  at  approximately  20T. 
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were  useful  in  the  pieliminary  tests,  were  unsuitable  tor  field  use  because  of 
their  fragihty  and  cumbersomeness.    The  form  of  the  instrument  that  was  used 


to  jraoCcAa'/'ccC  •/■*«Ae 


,FiG.  1.    The  Osmometer 

A,  Sectional  view  of  the  osmometer  in  position  in  the  soil.    The  arrows  show  the  approxi- 
mate general  direction  of  convection  currents.    B,  Top  and  bottom  views  of  the  osmometer. 

in  the  present  field  tests  is  shown  in  figure  1.  Each  instrument  was  made  from 
a  bar  of  brass,  square  in  cross  section.  This  bar  was  planed  on  two  opposite 
faces  to  form  a  wedge,  IJ  by  IJ  inches  at  the  top  and  IJ  by  1  inch  at  the 
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bottom.  A  cylindrical  core,  J  inch  in  diameter,  was  removed  longitudinally 
from  the  larger  end  almost  to  the  smaller,  and  a  circular  opening,  also  {  inch 
in  diameter,  was  then  bored  through  each  of  the  planed  faces,  opposite  each 
other  and  near  the  .lower  end,  thus  communicating  with  the  central  cavity. 
Experimental  search  for  a  means  to  control  convection  currents  (in  lieu  of 
stirring)  sufficiently  to  obtain  fairly  constant  rates  of  intake  when  the  instru- 
ment was  immersed  in  water  led  to  the  selection  of  the  following  as  the  most 
convenient.  Thin,  brass  plates,  perforated  as  extensively  as  possible  with 
holes  I  inch  in  diameter,  were  soldered  over  the  lateral  openings.  Although 
a  single  membrane  was  applied  over  each  entire  plate,  commimication  with 
the  soil  was  virtually  effected  through  many  small  membranes. 

To  place  the  osmometers  in  position  in  the  soil  a  trench,  narrower  than  the 
instrument  and  deeper  than  its  height,  was  cut  with  a  sharp  knife  and  the  soil 
removed.  The  trench  was  widened  imtil  it  was  only  slightly  narrower  than, 
and  of  the  same  sectional  shape  as  the  instnunent,  which  was  then  carefully 
lowered  into  it  and  gradually,  during  the  course  of  fifteen  or  twenty  minutes, 
pushed  deeper  until  further  movement  was  not  followed  by  an  increase  in 
rate  of  water  intake,  when  it  was  assumed  that  the  greatest  possible  area  of 
.  membrane  was  in  contact  with  the  soil. 

An  objectionable  featvire  of  this  form  of  instrument  is  the  flat  surface  to 
which  the  membranes  are  applied,  for  the  probability  that  a  membrane  will 
adhere  perfectly  to  every  part  of  it  is  small.  A  slight  trace  of  moisture  re- 
maining between  the  membrane  and  the  brass  surface  forms  a  drop  into  which 
salt  gradually  diffuses  as  the  instrument  is  used.  Into  this  solution  water 
diffuses,  enlarging  the  drop  and  slowly  separating  brass  and  collodion  until 
connection  is  established  with  either  the  interior  or  the  exterior.  If  it  be 
with  the  former,  the  process  proceeds  until  a  continuous  passage  is  formed, 
imdemeath  the  membrane,  between  the  interior  and  the  exterior  of  the 
instrument.  Such  leaks  may  be  so  small  as  wholly  to  escape  notice  while 
the  rate  of  water  intake  is  great,  as  in  trials  of  the  instrument  against  water, 
but  may  produce  large  errors  when  the  rates  are  small,  as  in  many  cases  of 
its  operation  in  the  soil. 

Of  the  many  methods  tried  for  preventing  errors  caused  by  these  leaks  the 
following  was  adopted.  Instrument  and  delivery  tube  were  filled  with  dis- 
tilled water  and  the  instrument  placed  in  a  small  vessel  containing  water, 
the  upper  level  of  which  was  above  that  of  the  membrane;  the  graduated 
delivery  tube  was  elevated  imtil  the  water  meniscus  in  the  tube  stood  13  cm. 
(imiformly  maintained  but  selected  from  considerations  of  convenience  only) 
above  the  water  level  outside.  The  rate  at  which  water  passed  outward 
through  the  membrane  (or  other  accidental  exits)  as  indicated  by  the  fall  of 
the  column  in  the  tube,  was  considered  an  index  of  the  instrument's  permea- 
bility. After  considerable  experimentation  it  was  decided  to  discard  all 
membranes  that  permitted  a  loss  of  water  at  a  rate  greater  than  one  cubic 
millimeter  per  5-minute  interval.    This  Umit  is  perhaps  so  low  that  many 
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serviceabk  membranes  were  discarded,  but  as'  it  appeared  to  be  a  certain 
insurance  against  leaks  it  was  believed  best  to  adopt  it.  Instruments  were 
tested  frequently  and  whenever  one  was  found  that  exhibited  greater  permea- 
bility than  at  a  previous  test  it  was  considered  imsatisfactory  and  all  the 
data  acquired  with  it  during  the  interim  were  discarded.  Because  of  these 
siispected  leaks  data  from  less  than  a  third  of  the  original  number  of  tests 
can  be  presented. 

Turning  to  a  consideration  of  the  movement  of  water  in  drained  soils  it 
will  be  of  advantage  to  picture  the  process  descriptively.    In  such  soils 


Fig.  2.  Hypothetical  Section  Through  a  Drained  Son.,  Showing  Wedges  and  Films 

water  exists  (fig.  2)  in  the  form  of  thin  films  covering  the  soil  grains  and  con- 
fluent with  masses  of  wHter  that  are  of  great  diversity  of  form  although  alike 
in  having  an  air-water  interface  concave  to  the  air.  Because  of  their  general 
sectional  shape  these  masses  have  been  termed  "wedges"  by  Buckingham  (10) 
and  this  designation  will  be  used  in  the  following  to  distinguish  them  conven- 
iently from  the  hygroscopic  films  that  cover  the  soil  grains.  Water  of  hydra- 
tion, the  so-called  colloid  water  and  water  that  has  penetrated  the  minute 
cracks  in  the  soil  grains  need  not  be  considered  since  the  water-holding  forces 
that  are  operative  in  these  cases  are  so  powerful  that  for  present  purposes  the 
water  may  be  regarded  as  virtually  a  part  of  the  soil  grain  with  which  it  is 
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associated.  It  is  necessary  only  to  consider  water  in  the  'forms."'  mentioned 
in  the  text  books  as  capillary  and  hygroscopic  water,  for  the  third  of  these 
forms,  gravitational  water,  is  assumed  absent  since  the  soil  is  drained. 

As  far  as  plants  are  concerned  the  hygroscopic  water  is  of  little  importance, 
for,  as  has  been  repeatedly  shown,  they  are  miable  to  withdraw  it  from  the 
soil,  as,  indeed,  a  consideration  of  the  elementary  principles  of  equilibrium 
will  demonstrate,  and  it  cannot  be  reduced  in  amount  by  molar  water  move- 
ment. The  usual  text-book  statement  is  that  the  "water  films"  increase  and 
decrease  in  thickness  with  varying  amounts  of  soil  moisture.  The  results 
of  investigations  on  the  flow  of  water  in  capillary  tubes  has  shown,  however, 
that  slipping  in  the  layer  of  liquid  adjoining  the  wall  does  not  take  place,  which 
indicates  that  relatively  strongs  forces  hold  it  in  position.  Also  Bakker's 
(1,  2,  3)  researches  indicate  that  the  thickness  of  the  capillary  film  is  slight 
(about  1.6  X  10""^  cm.)*  and  practically  invariable,  small  variations  resulting 
only  in  response  to  large  changes  in  vapor  pressure  or  temperature.  Since 
it  is  so  thin,  this  film  is,  throughout  its  thickness,  a  fusion  of  both  the  gas- 
liquid  interfacial  layer  of  the  wedges  (the  surface  tension  film)  and  that  water 
layer  of  the  wedges  that  immediately  adjoins  the  soil  grain.  Thus  the  surface 
forces  resident  in  the  gas-liquid  interface  of  the  wedges  are  transmitted  by  this 
hygroscopic  film  to  the  soil  grains  so  that  the  soil  mass  acquires  structure. 

In  concave  surfaces  the  capillary  tension^  varies  inversely  as  the  radius 
of  curvat\xre,  becoming  least  when  this  is  infinite,  i.e.  when  the  surface  is 
plane.  Since  capillary  tension  is  the  force  retaining  water  in  the  wedgps, 
it  is  evident  that  for  all  parts  of  the  soil  to  be  in  equilibrium  with  regard  to 
water  movement,  the  radii  of  ourvature  of  the  concave  surfaces  (as  Briggs 
long  since  pointed  out)  must  be  equal  throughout,  regardless  of  the  actual 
amount  of  water  in  any  individual  wedge  or  in  any  niunber  of  them.    The 

•As  Free  (12)  has  pointed  out,  references  in  this  connection  to  forms  of  water  are  veiy 
objectionable  because  of  the  implication  that  a  change  of  condition  or  state  accompanies 
change  from  one  form  to  another,  whereas,  so  far  as  is  known,  the  difference  is  solely  in 
the  forces  (quantitative  or  qualitative)  holding  the  water  in  a  given  position  with  reference 
to  the  soil  grains. 

*  This  value  for  the  thickness  of  a  capillary  film  is  smaller  than  that  usually  given,  which 
ranges  from  5-10  X  10"^  cm.  Quincke  (20)  gave  the  distance  through  which  a  glass  wall 
attracts  water  as  about  5  X  10^  cm.,  a  much  larger  value  than  that  of  later  investigators. 
The  actual  thickness  is  of  little  importance  in  this  connection  since  the  order  of  magnitude 
is  practically  the  same  for  the  different  values.  For  further  references  and  a  brief  statement 
of  the  range  of  attraction  of  molecules,  see  Lewis  (13). 

•  Surface  tension  may  be  defined  as  the  tension  per  centimeter  in  the  plane  surface  of  a 
liquid  under  a  given  set  of  temperature  and  pressure  conditions.  Surface  energy  is  defined 
as  the  product  of  surface  tension  and  stuf ace  area.  Capillary  tension  is  used  in  this  paper  to 
designate  the  tension,  often  confused  with  both  the  foregoing,  brought  about  by  the  curva- 
ture of  a  surface  that  possesses  surface  tension.  Surface  tension  is  thus  considered  as  a 
property  of  liquids,  varying  only  with  their  nature,  with  temperature  and  with  imposed 
pressure,  while  capillary  tension  varies  not  only  with  the  surface  tension  but  also  with  the 
curvature  of  the  surface. 
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withdrawal  of  water  from  any  one  wedge  will  result,  in  general,  in  a  decrease 
in  the  radius  of  its  surface  curvature,  since  almost  invariably  the  space  oc- 
cupied by  the  water  is  narrower  near  the  poinjt  of  contact  of  the  grains  than 
near  the  air-water  interface.  This  increase  in  curvature  will  be  accompanied 
by  an  increased  capillary  tension  as  mentioned  above. 

A  general  description  of  the  movement  of  water  in  drained  soils  may  now  be 
attempted.  As  the  capOlary  tension  increases  the  effect  will  theoretically 
be  two-fold:  first,  adjoining  soil  grains  that  are  not  in  contact  (fig.  2)  but  whose 
hygroscopic  films  are  a  continuation  of  the  surface-tension  layer  of  the  wedge 
and  transmit  tensions  to  the  grains,  will  be  drawn  doser  together;  and  second, 
water  will  be  moved  from  adjoining  wedges  wili  less  curvature  (i.e.,  with 
greater  radius  of  curvature).  In  field  soils  the  former  process  will,  in  general, 
be  negligible  at  and  below  the  depths  occupied  by  even  shallow-rooted  plants 
so  long  as  forces  of  greater  magnitude  than  those  of  capillary  tension  (such 
as  the  expansive  force  of  freezing  water)  are  not  active.  In  the  early  spring  in 
regions  where  the  soil  freezes,  in  newly-ploughed  ground,  or  on  the  surface 
of  a  dried  soil  recently  wetted,  rearrangements  of  the  soil  grains  would  of  course 
be  of  significance.  In  general,  however,  in  the  deeper  portions  of  the  soil 
the  response  to  the  incresCsed  tension  is  movement  of  water  only.  Suppose  a 
wedge  to  be  in  direct  commimication  with  others,  the  invariable  condition  in 
moist  field  soils  of  the  type  considered  in  this  discussion,  and  suppose  water  to 
be  removed  from  the  first  wedge.  Because  of  the  increased  capillary  tension 
in  the  surface  of  this  wedge,  water  will  move  into  it  from  the  others,  through 
the  communications.  If  these  were  the  only  wedges  concerned,  the  first 
would  not  obtain  sufficient  water  to  compensate  for  the  loss,  because  move- 
ment could  proceed  only  imtil  the  curvatures  of  all  surfaces  involved  became 
equal,  each  wedge  consequently  containing  less  water  than  before.  If  a 
third  set  be  now  considered  to  be  in  commimication  with  the  second,  it  is 
evident  that  water  will  move  from  these  wedges  to  those  of  the  second  set, 
whose  radius  of  curvature  becomes  thus  greater,  enabling  the  first  wedge  to 
obtain  more  water.  As  additional  sets  are  added  to  this  chain  the  degree  to 
which  the  first  wedge  may,  in  time,  approximate  its  original  water  content 
increases,  so  that  in  a  field  soil,  if  the  amount  of  water  withdrawn  is  relatively 
small  and  the  time  for  recovery  is  relatively  great,  the  wedges  initially  depleted 
will  acquire  an  amount  of  water  practically  equal  to  that  originally  lest. 

If  .the  water  is  removed,  however,  by  an  absorbing  body  that  acts  with  a 
continuous  and  uniform  force  of  absorption,  which  is,  however,  not  of  sufficient 
intensity  to  break  communication  between  the  wedges,  the  condition  of  non- 
equilibrium  should  be  constant  in  that  portion  of  the  soil  immediately  ad- 
joining the  absorbing  body.  At  any  instant  of  time  the  air-water  interfaces 
of  the  wedges  touching  this  body  will  have  the  least  radius  of  curvature  of  any 
in  the  soil  mass,  supposing  the  soil  mass  to  have  been  originally  in  equilibrium. 
The  interfaces  of  the  next  wedges  will  have  a  greater  radius  of  curvature  and 
the  radius  will  increase  from  one  set  of  wedges  to  the  next  until  the  unaltered 
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soil  is  reached.  As  time  progresses,  the  distance  through  the  soil  in  which 
the  curvature  of  the  surface  has  been  altered,  will  increase.  Since  the  curv- 
atures of  the  surfaces  in  contact  with  the  absorbing  body  remain  constant 
(because  the  absorbing  body  acts  with  a  imiform  and  continuous  absorptive 
force),  the  wedge  and  the  absorbing  body  remaining  in  practical  equilibrium, 
it  follows  that  the  difiFerence  between  the  curvatures  of  the  air-water  interfaces 
of  any  one  wedge  and  the  next  will  continually  decrease,  since  the  number  of 
wedges  whose  curvatures  are  unequal  will  uicrease  with  time  between  the 
fixed  limits  of  curvature  set  by  the  conditions  at  the  absorbing  body  and  the 
unaltered  soil.  Since  throughout  the  affected  portion  of  the  soil  the  curvatures 
become  more  and  more  nearly  equal  as  time  progresses,  and  since  the  movement 
of  water  is  conditioned  by  the  difference  between  the  siuiace  curvatiues  of 
adjoining  wedges,  it  follows  that  the  rate  of  water  movement  should  become 
less  and  less.  It  is  also  be  to  expected  that  the  decrease  in  rate  will  be  most 
evident  when  the  number  of  wedges  affected  is  small.  If,  then,  the  rates 
of  water  movement  in  the  soil  were  plotted  against  the  corresponding  points 
in  time  as  abscissas,  the  resulting  curve  should  exhibit  a  steep  slope  during 
the  first  few  intervals,  the  rates  decieasuig  more  and  more  gradually  as  time 
proceeds,  imtil  the  curve  becomes  almost  paralld  to  the  horizontal  axis, 
upon  which  the  intervals  of  time  are  plotted.  All  graphs  obtained  with  the 
osmometers  exhibit  this  latter  characteristic,  those  extending  over  the  longest 
periods  of  time  showing  most  plainly  the  increasing  constancy  in  the  rate  of 
movement. 

It  is  patent,  however,  from  an  inspection  of  the  graphs  that,  although  they 
are  similar  in  their  more  general  aspects,  there  are  many  particulars  in  which 
they  differ.  Some  are  higher  than  others,  some  begin  with  larger  rates  than 
those  appearing  later  in  the  graph,  others  with  smaller  rates;  in  some  the 
decline  is  very  rapid,  in  others  it  is  much  more  gradual.  The  interpretation 
of  these  experimental  graphs  is  divided  into  four  sections.  The  first  deals 
with  their  general  slope,  i.e.,  the  rates  at  which  movement  of  water  diminishes 
with  time.  The  second  deals  with  the  heights  of  the  graphs,  i.e.,  the  actual 
amounts  of  water  moved  through  equal,  fixed  planes  per  miit  of  time.  The 
third  deals  with  the  observations  made  during  the  first  few  time  periods  of  the 
tests.  These  initial  rates  appear  to  be  controlled  in  their  magnitude  by  con- 
ditions other  than  those  considered  in  sections  1  and  2.  The  fourth  deals 
with  the  apparent  fluctuations  in  the  rate  of  water  movement. 

1,  The  Slopes  of  the  Graphs 

The  movement  of  water  through  the  soil  is  opposed  by  frictionai  and 
capillary  resistances.  Since  these  resistances  are  chiefly  due  to  the  existence 
of  the  soil  water  in  discrete  masses  it  follows  that  the  greater  the  number  of 
such  masses  the  greater  shoidd  be  the  total  resistance,  and  the  slower  should 
be  the  rate.    It  also  follows  that  if  the  number  of  these  wedges  is  initially 
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great  in  proportion  to  the  amount  of  water  held,  the  addition  of  a  unit  number 
will  produce  less  effect  than  if  the  number  is  initially  small.  As  the  chief 
resistance  to  water  movement  is  probably  encoxmtered  in  moving  from  one 
wedge  to  another,  it  Would  appear  that  the  greater  share  of  the  time  should 
be  consimied  in  movement  between  wedges,  and  not  in  them.  Movement  of 
water  must  accordingly  be  pictiured  as  proceeding  discontinuously  from  wedge 
to  wedge,  so  that  a  steady  state  of  water  movement  can  never  be  set  up  in  the 
soil,  although  as  the  rate  approaches  zero  tihe  effect  of  the  lag  will  be  less  and 
less  noticeable.  So  it  appears  that  a  consideration  of  the  numbers  and  volumes 
of  the  wedges  per  imit  of  gross  soil  volume  is  necessary  before  the  preceding 
general  statements  can  become  useful. 

Since  the  wedges  are  formed  about  points  of  contact  of  soil  grains,  it  is  at 
once  obvious  that  their  nxunber  will,  in  general,  depend  upon  the  size,  shape 
and  number  of  soil  grains  in  a  imit  of  gross  or  field  volume,  since  the  number 
of  contacts  is  determined  by  these  variables.  In  any  given  case  the  addition 
of  soil  grains  in  the  interstices  of  a  soil  mass  will  result  in  an  increase  in  the 
number  of  wedges,  the  actual  increase  depending  not  only  upon  the  number, 
size  and  shape  of  the  added  soil  grains  but  also  upon  the  number,  size  and 
shape  of  those  already  present.  Although  it  appears  unprofitable  to  attempt 
the  formulation  of  a  relatii  n  connecting  these  variables,  it  seems  possible  that 
experimentation  may  furnish  an  integration  of  their  various  effects  as  a  single, 
measurable  magnitude. 

Such  experimentation  has  been  made  and,  although  the  details  must  be 
reserved  for  another  article,  the  general  reasoning  and  soiiie  of  the  results  are 
of  importance  in  this  ccnnection.  In  a  unit  volume  of  any  given  sample  of 
soil  the  number  of  soil  grains  may  be  considered  to  be  directly  proportional 
to  the  weight  of  the  dry  soil  present  in  that  volume.  This  would  probably 
be  an  imjustified  statement  if  very  small  volumes  of  a  soil  consisting  of  imequal 
grains  were  considered.  But  in  a  sample  having  a  volume  of  several  cubic 
centimeters  these  differences  are  negligible  for  ordinary,  arable  soik,  so  that 
these  soils  may  be  considered  as  made  up  of  average  grains,  equal  weights  of 
dry  soil  signifying  equal  nimibers  of  grains.  If  two  equal  volumes  of  such 
a  soil  have  the  same  number  of  soil  particles  and  the  same  water  content,  the 
number  of  wedges  should  be  the  same,  the  curvatures  of  the  air-water  inter- 
faces should  be  the  same,  and  water  should  not  move  from  one  sample  to  the 
other  if  they  were  placed  in  contact.  For  soils  of  heterogeneous  composition 
this  statement  will  be  the  more  nearly  true  the  smaller  the  amount  of  water 
the  samples  contain;  for  with  small  amoxmts,  the  water  is  more  closely  dis- 
posed about  the  points  of  contact  of  the  grains. 

If  samples  of  some  one  soil  are  graded  according  to  their  solid  content  and 
according  to  their  liquid  content,  each  sample,  however,  having  such  a  water 
content  that  the  curvatures  of  its  water  surfaces  are  the  same  as  those  of  the 
others  (thus  rendering  their  capillary  tensions  equal),  the  two  series  of  values 
(solid  content  per  unit  of  volume  and  corresponding  liquid  content)  obtained 
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may  be  plotted  one  against  the  other  to  forma  graph  that  may  be  regarded  as 
exhibiting  the  variation  in  the  nmnber  of  wedges  per  miit  of  gross  soil  volume, 
corresponding  to  changes  in  the  number  of  soil  grains  per  miit  of  volume.  If 
the  curvatures  are  all  the  same  and  the  water  contents  are  the  same  no  sample 
should  be  able  to  obtain  water  from  any  of  the  others  and  each  should  deliver 
water  at  the  same  rate  as  the  others  to  a  standard  absorbing  body. 

A  method  has  been  devised  by  which  such  data  may  be  obtained.  By  its 
means  samples  of  a  given  soil,  each  of  approximately  uniform  packing  may  be 
secured  that  permit  the  movement  of  only  about  0.001  gm.  of  water  during 
24  hours  through  an  area  of  about  30  sq.  mm.  to  a  standard  absorbmg  body. 
The  liquid  and  solid  contents  are  then  determined  for  each  sample  as  weights 
per  unit  of  gross  volume.  If  the  weights  of  solids  per  unit  of  gross  volume 
are  plotted  for  the  several  samples  as  abscissas,  the  corresponding  weights 
of  liquid  plotted  as  ordinates,  and  the  points  so  obtained  connected  by  a 
line,  a  curve  is  produced  that  is  characteristic  for  the  particular  soil  investi- 
gated. Each  soil  is  thus  considered  as  a  three-phase  system;  solid-liquid- 
gas,  that  is  defined  in  any  condition  of  packing  and  water  content  when  two 
of  the  three  variables  are  stated  in  reference  to  the  entire  volume  occupied  by 
the  three.  These  variables  should,  of  course,  be  stated  in  terms  of  volume 
but  for  the  present  the  more  convenient  weights  will  be  used. 

By  changing  the  absorbing  power  of  the  standard  body  a  family  of  such 
curves  might  be  obtained.  These  curves  will  be  called  the  liquid-solid  curves, 
or,  more  briefly,  the  1-s  curves  characteristic  of  the  particular  soil  from  which 
the  data  were  derived.  Each  curve  may  be  considered  as  exhibiting  the 
change  in  the  number  of  wedges  per  unit  of  gross  soil  volume  that  occurs  as 
the  number  of  soil  grains  is  altered,  the  curvatures  of  the  air-water  interfaces 
remaining  the  same.  The  lowest  curve,  which  is  the  only  one  that  has  been 
determined,  also  exhibits  the  water  content  for  each  solid  content  of  the  given 
soil  below  which  the  rate  of  water  movement  can  be  considered  neg^ble. 
Because  of  its  importance  this  curve  should  be  specially  designated,  and  since 
it  is  the  lowest  of  the  family  it  wiD  be  termed  the  a  1-s  ciurve,  or,  briefly,  the 
a  curve,  and  the  water  content  corresponding  to  any  ordinate  value  thereon 
will  be  termed  the  a  water  content  of  the  soil  for  the  corresponding  solid  con- 
tent per  unit  of  gross  volume. 

A  statement  of  the  rate  of  decrease  in  the  amount  of  water  moving  through 
a  given  area  in  the  soil  in  unit  time  into  an  absorbing  body  that  removes  the 
water  as  fast  as  it  reaches  the  body  (as  an  osmometer  or  root  hair  may  be 
supposed  to  act)  may  now  be  attempted.  On  the  basis  of  the  preceding 
reasoning  this  rate  of  decrease  will  vary  inversely  with  time  and  also  inversely 
with  the  a  water  content  for  the  particular  solid  content  of  the  soil  that  was 
encountered  in  the  test  considered.    Or 

iyldi  =  kiwt  (1) 

In  which  ft  represents  a  factor  of  proportionality,  w,  the  proper  a  water  con- 
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tent,  and  y,  the  decrease  in  the  rate  of  water  movement  during  the  timey  i^ 
reckoned  from  the  beginning  of  the  test.  For  any  given  test  m  is  a  constant 
and  since  k  is  also  a  constant  the  equation  may  be  integrated  directly: 

y^k/m.lni  +  C  (2) 

In  which  C  represents  the  constant  of  integration,  In  is  the  accepted  abbrevia- 
tion for  ''natural  logarithm  of"  and  the  other  S3mibols  have  their  former 
significance. 

The  rate  of  water  mavemeni  at  any  instant  of  time  may  then  be  expressed 
by  the  equation 

dx/dt  =  s  -  ik/m)  Ini  +  C  (3) 

In  which  x  represents  the  amount  of  water  that  has  moved  through  the  given 
plane  from  the  beginning  of  the  test  until  the  time,  /;  5,  the  amount  that  moved 
through  the  plane  during  the  first  interval  of  time,  an  amount  that  should 
move  across  in  each  interval  if  no  decrease  in  rate  occurs.  The  other  symbols 
have  their  former  significance. 

To  render  equation  (3)  suitable  for  experimental  verification  it  must  be 
integrated  for  a  finite  period  of  time.  Since,  for  any  one  test,  5  is  a  constant 
the  integration  may  be  readily  performed: 

«  =  5/  -  (k/m)  t  (Int  -  1)  +  Ct  +  C 

In  which  C  is  the  new  constant  of  integration  and  the  other  s3mibols  have 
their  former  siguficance. 

When  /  =  0, «  =  0  and  accordingly  C  =  0 

When  t  =  IfX  =  s  and  since  s  is  defined  as  the  rate  during  the  first  interval  of 

time 

X  =  5  +  ik/m)  +  C 

for  during  the  first  interval  of  time  /  =  1  and  /n  1  =  0.    Accordingly 
C  =  —  {k/tn),  and  the  complete  equation  becomes 
x  =  St-  (fk/fn){lnt  -  1)  -  tk/m 

or,  rearranging, 

a?  =  rf  -  (k/m)t.lnt  [see  footnote  6]  (4) 

For  any  imit  interval  of  time, 

^  -  «i  =  ^(fe  -  ti)  -{k/m)  (h.lntt  -  ti.lnti) 

*  It  wiU  be  at  once  noted  that  the  effects  of  temperature,  changes  in  viscosity  and  surface 
tension,  etc,  are  not  considered  in  the  equation.  While  these  variables  undoubtedly  in- 
fluence the  rate  of  water  movement,  it  seems  inadvisable  to  consider  them  in  a  preliminary 
study.  The  data  secured  in  these  tests  indicate,  moreover,  that  these  variables  have  slight 
effects  compared  with  fluctuations  in  the  rates  and  experimental  errors,  so  that  it  is  necessary 
to  ignore  them. 
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or  since  h  —  h  —  1 

X2  —  Xi  =  s  —  (k/m)  (h'lnh  —  h.lnti)  (5) 

or 

s  =  x%  —  xi+  {k/m)  Qi-lnti  —  ti.lnti)  (6) 

To  test  the  equation,  k  must  be  determined  and  this  can  be  done  only  with 
approximate  success  from  the  data  at  hand  because  of  the  lack  of  knowledgie 
concerning  the  initial  rate,  5,  and  because  of  the  fluctuation  from  one  period 
to  another  in  the  amount  of  water  absorbed  by  the  osmometer.  The  physical 
meaning  of  these  fluctuations  will  be  discussed  later,  and  for  the  present  pur- 
pose a  smoothed  curve  will  be  considered.  This  smoothed  curve  should 
represent  the  same  total  movement  of  water  during  the  entire  course  of  the 
test  as  that  found  by  experiment  but  it  should  have  no  inversions,  i.e.,  no 
ordinate  value  should  be  higher  than  any  preceding  ordinate  value.  The 
fluctuations  are  thus  temporarily  looked  upon  as  accidental  or  non-essential 
deviations  of  experimental  observations  from  the  true  course  of  a  physical 
process. 

Since  k  has  the  same  value  for  all  tests,  at  least  for  each  soil,  the  one  ex- 
hibiting smaller  fluctuations  in  the  observed  rates  than  do  the  others,  should 
be  selected  for  its  determination.  Two  values  for  the  rates  are  needed  and 
these  are  best  selected  toward  the  end  of  the  test  when  the  decrease  in  rate  is 
small,  in  order  that  the  smoothing  may  be  done  with  the  least  error.  Con- 
stants obtained  in  this  v^ay  are,  of  course,  not  accurate  but  the  importance  of 
the  subject  and  the  dif&culty  of  making  field  tests  justifies  the  use  of  what 
data  may  be  secured  even  though,  from  the  standpoint  of  strict  accuracy, 
they  may  appear  inadequate. 

Test  No.  3  was  selected  and  the  rates  were  plotted  between  period  30  and 
the  end  of  the  test,  period  54.  A  straight  line  v^as  then  drawn  as  nearly  as 
possible  along  the  course  it  was  considered  the  smoothed  curve  should  pass. 
At  period  35  this  line  had  a  height  of  5,5  units,  and  at  period  52  a  height  of 
5  units.  Since  x  represents  the  total  amoimt  of  water  absorbed  by  the 
osmometer  since  the  beginning  of  the  test  to  the  time  at  which  x  is  measured, 
^t-3s "~  *t-34  =  5.5  cu.  mm.  and  x^^si  —  x^^si  =  5  cu.  mm.  Data  for  two 
simidtaneous  equations  of  the  form  of  equation  (6)  are  thereby  presented  for 
the  determination  of  k: 

5  =  5.5  +  (k/m)  (/35 .  In  t^s  -  ^34  .  In  t^^) 
s  =  5.0  +  {k/m)  {ts2 .  In  hi  -  /51  •  In  /si) 

Combining  these  equations  and  rearranging  terms 

S,S  -  5.0  =  {k/m)  {ts2 .  In  tsi  —  /51  •  In  tsi  -  hs  •  In  /3s  +t^.ln  ^34) 
or 

m  (5.5  -  5.0) 


hi '  In  hi  "  /51  •  In  h\  ■"  ^35  •  ^n  hs  +  ^34  •  ^n  t^ 


=  ft 
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By  the  method  of  experimentation  aheady  discussed  to  some  extent  w, 
the  a  water  content  of  the  soil,  was  foimd  to  be  76  cubic  millimeters  for  each 
cubic  centimeter  of  this  soil  when  the  solid  content  per  unit  of  gross  volume 
was  the  same  as  that  found  from  volume  samples  of  the  field  soil  taken  when 
the  osmometer  test  was  made.  Substituting  this  value  of  m  and  the  proper 
values  for  the  other  symbols 

76X0.5  ^^^^ 


205.4676  -  200.5218  -  124.4390  +  119.8976 


In  the  graphs  (fig.  3-11)  the  continuous  lines  represent  the  results  of  cal- 
culating Xa  —  xi  for  the  various  time  periods  and  the  dotted  points  represent 
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Fig.  3.  Test  1  of  the  Osmometer  Operating  Against  Garden  Soil 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.193  per  cent. 

tubes  of  the  osmometers.  Remembering  that  this  section  deals  only  with  the 
general  slopes  of  the  curves,  the  discussion  of  their  heights  being  reserved  for 
section  2,  it  will  be  noted  that  the  graph  of  the  fourth  test  (fig.  6)  is  the  only 
one  that  has  a  slope  notably  different  from  the  actual  osmometer  readings. 
In  this  test  0.08  cm.  of  rain  fell  during  the  hour  and  a  half  between  period  3 
and  period  12.  During  the  rain  the  osmometer  was  covered  with  canvas 
which  also  prevented  direct  wetting  of  the  soil  within  two  feet  of  its  position. 
This  is  of  significance  when  the  rates  of  water  intake  are  observed  between 
periods  13  and  32.  About  thirty  minutes  after  the  cessation  of  the  rain  the 
rates  decreased  greatly  and  continued  to  do  so  more  gradually  until  period 
32  when  they  became  more  nearly  constant.  The  speed  with  which  the 
saturated  surface  soil  attained  equilibrium  with  the  dryer  soil  surrounding 
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FtG.4.  Test  2  ov  the  Osmometek  Qperatino  Against  Gabden  Soil 
Total  percentage  of^moisture  on  the  basb  of  field  volume,  0.200  per  cent. 
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Fig.  5.  Test  3  ov  the  Osmombtee  Operating  Against  Gasden  Soil 
Total  percentage  of  moisture  on  the  basb  of  field  volume,  0.213  per  cent 
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Fig.  6.  Test  4  ov  the  Osmometer  Operating  Against  Garden  Son. 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.211  per  cent. 


'•'/'' 


U  I     I     I    •     I     la  I     I     I     I     I     !♦  I     I 


i' 


SO/L 

Am 


—  Jo 


•  •  • 


J! 


Jl u 


FtG.  7.  Test  5  of  the  Osometer  Operating  Against  Garden  Son. 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.237  per  cent. 
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the  corresponding  water  intake  in  cubic  millimeters  as  read  on  the  graduated 
osmometer  (about  2  feet  away  and  about  4  inches  below  the  surface)  is 
indicated  by  the  general  decrease  in  water  intake  between  periods  13  and  32. 
Unfortimately  the  rain  began  so  soon  after  the  osmometer  was  placed  in 
position  that  conclusions  regarding  the  apparent  increase  in  water  intake 
are  not  justified,  for,  as  will  be  explained  in  section  3,  the  first  few  observations 
on  the  rates  in  each  test  are  imrcliable. 

Although  in  all  cases  the  genueral  decrease  in  the  rates  of  water  intake  as 
time  proceeds  are  very  closely  paralleled  (with  the  exception  noted  above) 
by  the  slope  of  the  calculated  curve,  it  is  conceivable  that  the  conditions  con- 
trolling the  decrease  in  rates  are  wholly  different  from  those  considered  in 
formulating  the  expression  by  which  the  calculated  curve  was  obtained.  That 
results  calculated  with  the  aid  of  an  equation  agree  with  experimental  data 
is  not  conclusive  evidence  that  the  equation  is  based  upon  sound  reasoning 
or  justified  assumptions.  When,  however,  an  equation  is  successfully  applied 
to  a  given  kind  of  process  under  conditions  of  great  diversity,  its  value  as  a 
means  of  predicting  phenomena  must  be  recognized.  Although  the  proposed 
equation  has  not  by  any  means  been  thoroughly  tested,  it  has  been  applied 
to  a  considerable  range  of  moisture  content  for  two  soils  of  widely  different 
character.  The  total  volume  percentage  of  soil  moisture  encountered  in  these 
tests  ranges  for  the  garden  soil  between  19.3  per  cent  and  26.0  per  cent,  and 
for  the  sand  between  10.0  per  cent  and  21.5  per  cent,  while  the  value  of  m 
ranges  between  51  and  77  for  the  garden  soil  and  51  and  61  for  the  sand  (table 
1).  This  expression,  accordingly,  may  be  considered  to  have  considerable 
value  for  calculating  the  decrease  in  the  rate  of  soil-water  movement  unless 
conditions  during  these  tests  were  such  as  are  not  generally  effective  in  the 
movement  of  soil  moisture.  Of  such  conditions  three  groups  present  them- 
selves as  possibly  shaping  the  data:  conditions  introduced  by  the  instrument, 
conditions  of  temperature  and  conditions  of  evaporation. 

It  is  at  first  sight  possible  that  during  the  operation  of  the  osmometer  the 
solution  becomes  more  and  more  diluted  by  the  entering  water,  each  increment 
of  dilution  decreasing  the  osmometer's  capacity  to  absorb  water.  During 
the  preliminary  experimentation  in  search  of  a  method  for  increasing  con- 
vection this  question  was  very  thoroughly  considered.  Table  2  presents  the 
data  obtained  from  a  test  of  an  osmometer  constructed  as  described  and 
figured  in  this  article,  operating  against  water  for  11  hours  and  20  minutes. 
The  observations  were  made  at  intervals  of  5  minutes  (the  intervals  in  the 
tests  against  soil  were  10  minutes  long)  and  is  representative  of  the  average 
magnitude  and  fluctuation  of  the  readings  for  all  the  tests  with  this  type 
of  osmometer.  They  are  presented  because  the  time  during  which  this  test 
was  made  was  greater  than  for  any  other.  It  is  evident  that  there  is  no 
decrease  in  rate  at  all  proportional  to  that  observed  in  the  soil  tests  even 
though  the  average  intake  during  ten  minutes  was  several  times  the  rates 
for  the  soil  tests.    It  must  then  be  concluded  that  dilution  of  the  osmometer 
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Fig.  8.  Test  6  of  the  Osuoketer  Operating  Against  Garden  Soil 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.260  per  cent. 


■   '   '  '  '   I    '  ■   '   '   ■  I.'   '   '   '   '   I  ■   '  ■  '•  '  I  '   '  ■   ■   '  U  '   '  '   '  l6 


/*W 


1^ 


11'    ^ 


■  ■  ■  ■  I-*"-  ■  ■  ■  '^-^  ■  ■  ■  ''"^  ■  ■  ■  i^'-  ■  ■  ■  '^^  ■  ■  ■  I*"  ■  ■  '  1^^  ■  ■  ■ '  ■ 


Fig.  9.  Test  7  of  the  Osuoketer  Operating  Against  Garden  Son, 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.257  per  cent. 
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solution  is  not  an  explanation  of  the  decrease  in  rate  as  observed  in  the  tests 
with  soil. 

Since  temperature  is  known  to  afifect  the  equilibrium  between  solutions  and 
pure  solvent  when  the  imposed  pressure  remains  constant,  it  might  seem  that 
temperature  changes  could  be  the  controlling  influence  in  shaping  the  graphs 
(although  this  effect  of  temperature  probably  does  not  always  proportionally 
afifect  the  speed  with  which  equib'brium  is  attained  for  in  many  cases  this 
rate  of  solver  t  entrance  may  be  controlled  within  wide  limits  by  the  membrane, 
a  circumstance  not  usually  considered  when  the  relation  between  osmotic 
pressure  and  root  absorption  is  discussed).  There  is,  however,  no  evidence 
that  this  is  true.  The  temperature  curves  are  not  followed  by  the  graphs  of 
osmometer  rates,  although  sudden  variations  in  temperature  are  often  ac- 
companied by  corresponding  variations  in  the  rates.  This  latter  effect  of 
temperature  will  be  considered  in  section  4. 

The  effect  of  evaporation  may  be  discussed  under  two  heads:  the  actual 
depletion  of  the  soil  by  evaporation  from  its  surface,  thus  lessening  the  amount 
of  water  available  for  movement,  and  the  increase  in  a  capillary  tension  that 
is  transmitted  throughout  the  soil  and  increases  the  resistance  to  water  move- 
ment. There  is  little  evidence  obtainable  from  these  experiments  so  far  as 
the  former  is  concerned,  although  there  is-  much  general  ground  for  the  belief 
that  considerable  water  is  withdrawn  from  the  soil  during  the  course  of  a 
day  under  many  conditions.  Although  a  dust  mulch  very  effectively  di- 
minishes evaporation  from  soils,  this  condition  probably  was  true  only  in 
tests  1,  5, 8  and  9,  and  in  the  latter  two  the  withdrawal  of  water  by  the  roots 
of  actively  transpiring  plants  may  have  offset  the  effect  of  the  mulch.  In 
tests  1  and  5  the  decrease  in  rate  is  approximately  that  calculated,  indicating 
no  abeyance  of  the  conditions  occasioning  the  decrease,  as  would  be  the  case 
if  evaporation  were  the  caus(  of  the  diminished  rate  and  a  soil  mulch  were 
present  that  prevented  evaporation. 

Test  4  indicates  the  extent  to  which  added  water  influences  the  rate  of 
movement  and  may  throw  light  on  the  question  of  the  effect  of  withdrawal 
of  water.  The  day  was  cloudy  and  there  was  almost  no  wind.  The  fact  that 
the  observed  rates  near  the  close  of  the  test  are  very  close  to  the  calculated 
rates  and  the  speed  with  which  the  rates  decrease  aft^  cessation  of  the  rain, 
indicate  that  the  water  was  rather  quickly  distributed  and  that  the  amount 
precipitated  (0.08  cm.)  was  too  small  to  alter  the  water  content  of  the  soil 
except  locally.  It  is  thus  probable  that  a  considerable  part  of  the  water  that 
entered  the  osmometer  between  the  first  effect  of  the  rain  on  the  rate  and 
period  30  or  32  was  derived  from  the  upper  layers  of  the  soil,  which  later 
attained  approximate  equilibriimi  with  the  deeper  layers.  The  effect  of  the 
rain  was  thus  probably  only  transitory  and  without  any  far-reaching  effects. 
Attention  shoidd  again  be  directed  to  the  fact  that  no  data  exist  for  determin- 
ing the  rates  before  the  rain  and  an  error  in  the  height  of  the  calculated  curve 
might  render  the  above  statements  untrue. 
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The  questions  concerning  a  capillary  tension  transmissible  through  the  soil 
as  such,  without  concomitant  movement  of  water,  its  increase  by  evaporation 
and  the  consequent  augmented  resistance  to  soil-water  movement,  may  be 
discussed  with  the  aid  of  more  direct  data.  Evaporation  on  sunny  days 
increases  during  the  morning,  reaching  a  maximum  intensity  early  in  the 
afternoon  and  decreasing  toward  evening.  If  the  removal  of  water  trom  the 
upper  layers  of  the  soil  by  evaporation  produces  an  increase  in  the  capillary 
tension  which  is  transmitted  throughout  the  soil  mass  without  involving  move- 
ment of  water,  it  might  be  expected  that  movement  of  soil  moisture  would 
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Fig.  10.  Test  8  of  the  Osmometer  Operating  Against  Sand 

Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.100  per  cent 

Fig.  11.  Test  9  ov  the  Osmometer  Operating  Against  Sand 
Total  percentage  of  moisture  on  the  basis  of  field  volume,  0.215  per  cent 

progressively  decrease  during  the  day.  The  rate  of  this  decrease  then,  should 
be  greatest  during  the  early  afternoon,  or  if  it  is  assimied  that  the  daily 
evaporation  produces  a  mulch  that  decreases  this  noonday  maximum,  the 
diminution  in  rate  should  be  more  rapid  in  the  morning.  This  latter  suggestion 
finds  support  in  the  data  from  all  the  tests  that  were  started  in  the  morning, 
and  these  rates  do  not  show  a  more  rapid  decline  early  in  the  afternoon  as 
would  be  expected  if  the  first  of  the  two  hypotheses  were  true.  However,  the 
rates  in  the  tests  that  were  begim  in  the  afternoon  exhibit  the  same  sort  of 
progressive  decrease,  and  this  does  not  seem  susceptible  of  explanation  on  the 
ground  of  a  far-reaching  capillary  tension.    Since  the  decline  in  all  cases  is 
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very  exactly  accounted  for  in  a  quantitative  manner  by  the  general  hypotheses 
of  water  movement,  the  capillary  tension  hypothesis  advanced  above  may  be 
dismissed,  at  least  until  more  definite  information  of  its  effect  is  obtained. 

2.  THE  HEIGHTS  OF  THE  GRAPHS 

An  inspection  of  the  graphs  suggests  at  once  that  the  amoimt  of  water  in 
the  soil  is  the  chief  condition  controlling  their  heights.  An  anal)rsis  of  the 
Tucson  data  (19)  indicated  that  with  a  soil  of  a  given  moisture  content,  the 
rate  of  intake,  as  might  perhaps  be  expected,  varied  with  the  area  of  the 
absorbing  surface.  This  led  to  the  idea  that  the  initial  rate  of  water  move- 
ment depended  upon  the  area  of  the  membrane  that  was  in  actual  contact 
with  the  water  of  the  soil.  The  resistance  of  the  soil  to  v^ater  movement 
would,  according  to  this  view,  not  affect  the  amount  absorbed  during  the  first 
instant  of  time  but  would  subsequently  diminish  the  rate.  Part  of  the  water 
in  the  soil  must  be  considered  to  be  held  so  strongly  in  position  that  it  does 
not  share  in  capillary  movement.  As  already  noted  some  of  this  water  is  held 
in  the  hygroscopic  films  (or  "adsorbed"  films)  on  the  soil  grains.  In  addition 
to  this,  water  may  be  present  in  wedges  whose  air-water  interfaces  are  so 
greatly  curved  and  each  wedge  may  be  composed  of  so  little  water  that  a  soil 
containing  only  this  amount  and  that  in  the  hygroscopic  films  can  deliver 
water  only  at  so  small  a  rate  that  it  may  be  considered  negligible.  Thus, 
only  water  that  is  present  in  the  soil  in  excess  of  the  simi  of  the  two  amounts 
just  mentioned  may  be  considered  movable  by  capillary  urge.  This  water 
content  permitting  but  negUble  water  movement  is  termed  the  a  water  con- 
tent of  the  soil  and,  as  already  mentioned,  an  experimental  means  for  its  ^ 
approximation  has  been  found, 

K  this  view  is  correct,  the  initial  rate  of  water  absorption  shoidd  be  pro- 
portional to  the  I  power  of  the  amount  of  water  in  unit  field  volimie  of  a 
given  soil  in  excess  of  the  a  content  (i.e.,  proportional  to  the  area  of  one  face 
of  a  cube  whose  volume  is  that  of  the  water  contained  in  unit  gross  volume  of 
soil  in  excess  of  the  a  water  content).  In  mathematical  form  this  statement 
becomes: 

s  ^  r{a—  w)' 

In  which  r  is  a  factor  of  proportionality,  a  signifies  the  amount  of  water  pres- 
ent at  the  time  of  the  test  in  a  unit  of  gross  volume  of  the  soil  and  m  rep- 
resents, as  before,  the  a  water  content  of  the  same  soil  when  it  has  the  same 
content  of  solids  as  when  a  was  determined.  It  is,  of  course,  necessary  that 
both  a  and  m  be  determined  by  drying  the  soil  to  the  same  extent.  Substitut- 
ing this  value  of  5  in  equations  (4)  and  (5),  the  complete  expressions,  as  ex- 
actly as  it  is  now  possible  to  formulate  them,  become 

a;  =  r(a  -  m)^-t  -  {k/m)-t-ln  t  (7) 

X2  -  aci  =  f(a  -  mf  -  {k/m)  {kin h  -  tvlnh)  (8) 
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In  order  to  evaluate  r ,  5  must  be  known  for  some  one  actual  test.  It  was 
not  possible  to  secure  experimental  values  for  s  (section  3)  but  an  approxima- 
tion may  be  obtained  by  adding  to  the  water  intake  during  any  interval  of 
time  the  calculated  amount  that  the  rate  had  decreased  since  the  beginning 
of  the  test,  i.e.,  by  substituting  the  proper  values  in  equation  (6).  When  this 
is  done,  using  the  data  for  time  interval  52  of  test  3  (the  test  that  was  used 
to  evaluate  J!^) 

5=5+  (94/76)  (205.4676  -  200.5218)  =  11.1  cubic  millimeters,  and 
r^^s/ia-  w)*  =  11.1/26.6  =  0.417 

The  continuous  lines  in  the  figures  for  garden  soil  were  plotted  from  equa- 
tion (8)  using  this  value  for  r  and  the  value  for  k  obtained  in  section  1.  In 
general,  the  agreement  is  very  close,  the  noteworthy  exceptions  being  tests 
4,  5  and  7.  In  test  4  the  high  rates  previous  to  period  32  may  probably  be 
explained  as  an  effect  of  th6  rain.  For  the  others,  unless  there  was. an  error 
in  the  determination  of  the  moisture  content  of  the  soil,  the  expression  is  not 
an  accurate  statement  of  the  rate  of  water  movement  imder  the  conditions 
obtaining  during  those  tests.  The  actual  water  content  of  the  soil  was,  in 
both  cases,  lower  than  that  of  test  6  (table  1),  although  the  value  of  (a  —  m) 
was  higher  in  test  7  than  in  any  other  test  with  this  soil,  which  may  indicate 
that  since  the  expression  is  approximately  correct  for  soils  both  above  and 
below  them  in  water  content,  the  error  is  in  the  determination  of  soil  moisture 
or  soil  solids  or  both.  Such  circumstances  render  the  loss  of  more  than  two- 
thirds  of  the  data,  because  of  leaking  osmometers,  regrettable. 

Tinning  to  the  tests  with  sandy  soil,  it  will  be  noted  that  they  exhibited 
a  higher  rate  than  was  to  be  expected  from  the  magnitude  of  the  values  ob- 
tained for  (a  —  m)  (table  1).  Test  9,  for  example,  had  a  total  water  content 
only  slightly  higher  than  (a  —  m)  for  test  7,  yet  the  rates  were  much  greater. 
The  most  obvious  possibility  is  that  r  must  not  be  regarded  as  a  universal 
constant  for  all  soils,  but  that  it  varies  in  magnitude  from  one  to  another. 
The  value  of  r  was  accordingly  redetermined,  the  data  obtained  in  test  8 
being  used.  The  rate  at  period  17  was  taken  from  the  osmometer  data  and 
this,  with  the  corresponding  values  for  the  other  symbols,  was  substituted  in 
equation  (6). 

5  =  2+  (94/61)  (48.1644  -  44.3616)  =  7.9 

/  =  5/  (a  -  w)*  =  7.9/11.5  =  0.686 

When  this  value  of  r '  is  used  for  test  9,  the  other  test  with  sand,  the  value 
obtained,  20.2,  for  r^  (a  —  w)*  is  found  to  be  in  good  agreement  with  the 
value  of  5,  20.1.  This  indicates  a  characteristic  difference  between  the  two 
soils  since  the  value  of  the  constants  appears  to  hold  over  a  considerable  range 
of  soil  moisture,  the  entire  range  for  which  they  have  been  tested. 

The  variation  in  r  from  one  soil  to  another  introduces  another  obvious 
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limitation  to  its  use  as  a  constant:  it  contains  no  statement  of  the  degree  of 
soil  mobture  that  will  produce  the  highest  rate  possible.  It  is  apparent  that 
when  a  certain  amount  (perhaps  characteristic  of  a  given  soil)  of  water  is 
added  to  a  unit  volume  of  soil  by  displacing  contained  air,  the  wedges  become 
completely  confluent,  the  hygroscopic  films  disappear  and  the  soil  mass  loses 
its  structure,  becoming  simply  a  body  of  water  containing  soil  grains  and  gas 
bubbles.  The  surface  forces  no  longer  operate  in  the  movement  of  water  but 
are  effective  only  in  partially  conditioning  the  form  and  volume  of  the  gas 
bubbles.  The  soil  has  then  passed  beyond  the  range  of  moisture  content  for 
which  the  proposed  equation  was  formulated,  for  such  a  soil  is  undrained. 
How  sharply  this  point  will  manifest  itself  may  only  be  conjectured.  If  this 
point  is  independent  of  the  percentage  of  solids  in  the  soil  mass,  it  may  be 
characteristic  only  of  the  kind  of  soiL  It  would  appear  that  a  marked  change 
in  specific  volume  should  occiu:  at  this  point  and  it  may  be  thus  quantitatively 
the  same  as  the  ''critical  moisture"  content  of  Cameron  and  Galla^r  (11). 
If  these  points  art  identical  the  volume  percentage  of  the  contained  water 
should  vary  with  the  volume  percentage  of  the  solids,  as  is  plainly  indicated 
by  these  author's  observations  on  wetted  and  dried  soils.  The  apparent  agree- 
ment between  the  "critical  moisture"  content  and  the  "moisttue  equivalent" 
of  Briggs  and  McLane  (9)  cannot  be  considered  real  since  the  method  used 
by  the  latter  authors  (subjection  of  the  sample  to  great  centrifugal  force) 
must  result  in  a  packing  of  the  soil  so  that  this  "constant"  cannot  be  deter- 
mined for  soils  with  a  low  percentage  of  solids  if  a  constant  force  is  employed. 

Since  there  is  undoubtedly  a  variation  from  one  soil  to  another  in  the 
degree  of  soil  moisture  at  which  surface  forces  are  no  longer  effective  in  the 
movement  of  water,  there  is  great  probability  that,  of  two  soils  having  the 
same  value  for  (a  —  w)*,  the  one  that  would  have  the  lowest  percentage  of 
water  when  puddling  occurred  would  exhibit  the  higher  initial  rate,  for  it 
would  be  nearer  complete  saturation  than  the  other.  These  considerations 
emphasize  the  need  of  further  investigations  on  the  "critical  moisture"  con- 
tent of  soils,  especially  with  regard  to  a  simplification  of  the  method  and  the 
relation  of  this  point  to  that  at  which  puddling  occiurs. 

Another  explanation  for  the  relatively  smaller  rate  with  the  garden  soil 
than  with  the  sand  is  based  upon  the  decrease  in  surface  tension  caused  by 
the  fatty  substances  of  the  manures  that  were  applied  to  the  former.  Whether 
this  had  an  effect  upon  the  gas-water  surface-tension  or  only  upon  the  solid- 
water  surface  tension  cannot  be  stated  because  of  the  meagemess  of  data,^ 
although  it  seems  at  present  that  the  latter  is  the  more  probable. 

In  table  1  and  in  figure  12  are  presented  the  values  of  5  calculated  from  the 
observed  rates  and  the  value  of  ife,  together  with  the  corresponding  values  of 
f{a  —  f»)*.  If  a  straight  line  is  drawn,  passing  as  nearly  as  possible  through 
all  the  plotted  values  of  5  in  the  tests  with  garden  soil  it  intersects  the  hori- 

'  Considerable  literature  on  absorption  in  soils  is  summarized  by  Patten  and  Wagga- 
man  (18). 
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zontal  axis  at  the  right  of  the  origin.  This  may  indicate  that  water  may  be 
present  in  the  soil  above  the  a  water  content  and  yet  permit  of  no  measurable 
absorption  by  the  osmometer  or  it  may  indicate  that  the  curve  becomes 
changed  in  slope  as  it  approaches  the  horizontal  axis.  A  line  drawn  through 
the  two  values  for  5  determined  from  the  sand  tests,  however,  cuts  the  origin 
almost  exactly  and  in  view  of  the  difficulty  of  obtaining  from  the  present 
data  information  regarding  the  actual  values  for  5  uncomplicated  by  tempera- 
ture effects  and  errors  of  observation,  it  is  idle  to  attempt  a  conclusion  on 
this  point. 
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Fig.  12.  Initial  Rates  of  the  Soil  Tests 

Points  designated  r  signify  the  rate  was  calculated  from  the  expression  r  (a— m)i  in  which 
f  =  0.417,  r'  signifies  the  rate  was  calculated  from  r*  (a— w)}  in  which  r'  —  0.686,  ^nd  s 
signifies  the  rate  was  calculated  from  equation  (6). 

3.  THE  HEIGHTS  OF  THE  GRAPHS  DURING  THE  FIRST  FEW  MINUTES 

Apparently  the  first  few  observations  in  each  test  are  not  indicative  of  the 
actual  movement  of  water  into  the  osmometer.  To  obtain  a  reading  truly 
representative  of  this  movement  it  is  nuecessary  that  the  instnunent,  when 
placed  in  the  soil,  shall  be  at  once  in  full  operation  and  that  no  change  shall 
occur  in  the  volume  of  the  contained  solution,  other  than  that  due  to  the 
entrance  of  water.  As  already  noted,  complete  contact  with  the  soil  was 
assumed  only  when  movement  of  the  osmometer  was  not  foUowed  by  an 
apparent  increase  in  the  rate. 
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The  temperatures  of  the  solutions  used  in  the  tests  were  lower  than  those 
of  the  soil  in  every  case  except  those  of  6,  8  and  9.  The  actual  amount  of 
these  diflferences  cannot  be  stated,  as  some  change  occurred  before  the  osmom- 
eter could  be  placed  in  position,  but  since  an  approximate  change  in  volume 
of  10  cu.  mm.  follows  a  change  in  temperature  of  l.O^C,  the  probability  of  large 
errors  in  the  first  few  readings  is  very  great.  Although  no  data  are  available 
dealing  with  the  temperatures  of  the  solutions  used  in  the  tests  with  sand  it  is 
very  probable  that  the  soil  was  much  the  colder.  The  soil  temperatures  were 
low  and  the  osmometers  and  solutions  were  exposed  to  direct  sunshine  during 
the  thirty  to  forty-five  minutes  required  to  transport  them  to  the  locality  at 
which  the  tests  were  made. 

Besides  the  inaccuracies  due  to  causes  already  mentioned,  the  observation 
of  the  rate  during  the  first  time-interval  is  probably  affected  by  the  drying 
of  the  soil  surface  during  the  time  the  osmometer  was  being  placed  in  position, 
the  excess  of  water  on  the  membrane,  due  to  incomplete  removal  with  absorb- 
ent paper,  and  deficiency  of  water  in  the  membrane  through  exposure  to  the 
air.  These  conditions  appear  to  be  only  temporary  and  are,  perhaps,  of  slight 
importance. 

4.  THE  APPARENT  FLUCTUATION  IN  THE  KATES  OF  WATER  MOVEMENT 

Of  the  possibilities  in  this  connection,  expansion  and  contraction  of  the 
osmometer  solution  due  to  changes  in  temperatiuie  are  undoubtedly  influential. 
It  is  impossible  to  estimate  accurately  this  class  of  effects  because  the  rate  cf 
temperature  change  in  the  solution  was  necessarily  slower  than  the  rate  of 
change  in  the  external  temperature,  so  that  the  volume  of  the  solution  must 
often  have  been  changing  in  a  direction  opposite  to  that  in  the  external  tem- 
perature. Since  there  was  some  change  in  the  temperature  of  the  solutions 
the  fluctuations  in  the  rates  must  be  ascribed  at  least  to  some  extent  to  tern* 
perature  changes. 

The  changes  in  volume  of  the  solution  were  read  on  a  graduated  tube  made 
by  cutting  off  the  capillary  tip  of  a  Mohr  pipette,  having  a  capacity  of  1  cc. 
and  graduated  to  himdredths.  Since  it  was  necessary  to  read  to  thousandths 
(cubic  millimeters)  tenths  of  intervals  were  estimated.  Errors  in  estimation 
of  a  cubic  millimeter  were  accordingly  possible,  although  the  probability  of 
frequent  errors  greater  than  this  is  small. 

Fluctuation  of  the  observed  rates  is  also  possible  through  the  lack  of  uni- 
formity in  the  soil.  As  has  been  noted,  a  soil  is  in  equilibrium  when^  the 
surface  curvatures  of  all  the  wedges  are  the  same,  regardless  of  the  amount  of 
water  contained  in  the  wedges.  If  the  soil  were  perfectly  homogeneous,  all 
grains  being  of  the  same  shape,  touching  each  other  at  corresponding  points 
and  imiformly  distributed,  the  amounts  of  water  forming  the  wedges  would 
probably  be  the  same.  Without  question  this  condition  never  obtains.  Some 
wedges,  because  o£  accidents  of  shape  and  arrangement  of  soil  grains  contain 
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more  water  than  others.  Uniformity  of  distribution  of  either  water  or  soil 
grains  also  certainly  never  occurs.  In  consequence  of  this  irregular  distri- 
bution of  water  it  appears  inevitable  that  the  same  alteration  in  capillary 
tension  in  different  portions  of  a  soil  will  be  accompanied  by  movement  of 
different  amounts  of  water.  In  such  ways  fluctuations*  in  the  rate  of  intake 
by  the  osmometers  may  occur. 

Changes  in  the  positions  of  the  soil  grains  consequent  upon  water  withdrawal 
would  decrease  the  rate  of  movement  from  wedge  to  wedge  and  this  effect 
should  be  most  apparent  in  loosely-packed  soils.  Reference  to  the  graphs 
will  make  evident  the  apparent  fact  that,  in  general,  the  greatest  variation  is 
in  such  soils,  but  it  should  also  be  noted  that  it  is  in  such  soils  that  the  lack  of 
uniformity  in  soil  and  water  distribution  is  the  greatest,  thus  producing  the 
effects  discussed  in  the  preceding  paragraph. 

THE  DETERMINATION  OF  THE  PERCENTAGE  OF  WATER  IN  THE  SOIL  ON  THE 
BASIS  OF  APPARENT,  OR  GROSS  SOIL  VOLUME 

The  usual  methods  for  obtaining  the  volume  percentage  of  moisture  con- 
sist of  cutting  a  rather  large  block  of  soil,  or  removing  a  short  column  with  a 
tube  forced  into  the  soil,  or  removing  a  mass  of  soil  with  a  soil  augur.  Of 
the  three,  the  last-mentioned  is  the  best  method  although  it  is,  like  the  first, 
unsatisfactory  because  small  stones  and  other  objects  that  have  no  direct 
effect  upon  water  movement  may  comprise  a  part  of  the  soil  removed.  The 
first  method  is  also  imsatisfactory  because  the  dimensions  of  the  blocks  are 
difficult  to  determine  with  accuracy.  The  second  method  is  of  least  value 
since  the  tube  compacts  the  soil  because  of  friction  between  the  soil  mass 
and  the  walls  of  the  tube.  Compression  of  the  soil  in  front  of  the  tube  will 
prevent  the  desired  amount  of  soil  from  entering  and  compression  within  the 
tube  will  change  the  volimie  of  that  portion  of  the  soil  that  is  removed,  these 
circumstances  preventing  any  accurate  knowledge  of  the  volume  occupied 
by  thie  soil  when  in  its  original  condition.  Packing  also  occurs  when  the  soil 
augur  is  used  but  to  a  less  extent.  The  need  was  accordingly  for  an  instru- 
ment with  which  samples  might  be  removed  in  practically  their  original  volume. 
The  instrument  described  below  and  illustrated  in  figure  13  was  constructed 
to  cut  soil  blocks  quickly  and  with  a  high  degree  of  accunury. 

A  thin,  flat  blade  of  metal  was  attached  to  a  handle,  in  such  a  way  as  to 
give  a  rigid  surface  about  2  inches  broad  and  4  inches  long.  This  blade  was 
pointed  at  the  tip  and  sharpened  along  the  sides  and  tip  to  a  knife  edge.  A 
rectangular  box,  formed  from  sheet  metal  with  the  upper  and  lower  faces  open 
and  with  the  lower  (cutting)  edge  of  the  remaining  four  sides  bevelled  on  the 
outside  (so  that  all  compression  of  the  soil  in  a  direction  normal  to  the  di- 
rection of  movement  of  the  cutting  edge  was  avoided),  was  hinged  to  the 
blade  in  such  a  way  that  it  would  pivot  about  an  axis  parallel  to  the  broad 
surface  of  the  blade.    In  operating  the  instrument,  this  rectangular  box  was 
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turned  on  its  axis  until  it  stood  at  right  angles  to  the  broad  blade,  which  was 
then  forced  horizontally  into  the  soil  about  an  inch  below  the  surface.  The 
box  was  then  swung  downward  to  a  horizontal  position,  thus  cutting  out  a  small 
block  of  the  soil  that  lay  above  the  blade.  The  entire  instrument  was  then 
removed,  the  soil  lying  outside  the  box  was  brushed  away,  and  the  soil 
projecting  above  the  sides  of  the  box  was  trimmed  with  a  sharp  knife  to  form 
a  surface  flush  with  the  sides.  The  weight  of  the  water  and  that  of  the  soil 
contained  in  the  block  were  then  determined  in  the  usual  way,  by  weighing, 
drying  at  103-105^C.,  and  reweighing. 
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Fig.  13.  Ikstrxtment  for  Obtaining  Soil  Samples  of  Known  Field  Volume 

To  determine  the  internal  capacity  of  the  box,  a  block  of  putty  was  cut  out  as 
described  above,  removed,  and  dropped  into  a  graduated  cylinder  partly  full 
of  water.  The  increase  in  volume  of  the  contents  of  the  cylinder  gave  the 
capacity  of  the  box.  Several  determinations  made  in  this  way  indicated 
that  the  volume  of  the  soil  blocks  was  7.6  cc.,^Ae  greatest  variation  observed 
being  about  1  per  cent. 

Soil  samples  obtained  in  the  field  were  immediately  placed  in  small  glass 
vials,  tightly  stoppered  with  parafl5ned  cork  stoppers  and  weighed  indoors 
to  the  nearest  centigram  within  five  minutes  of  the  time  they  were  obtained. 
They  were  later  dried  at  a  temperature  of  103-10S°C.  in  an  electric  oven  in 
the  same  vials  with  the  stoppers  removed,  cooled  in  a  desiccator  over  calcium 
chloride,  the  stoppers  replaced  and  again  weighed. 


Digitized  by 


Google 


RATE  OF  WATER  MOVEMENT  IN  AERATED  SOILS  265 

THE  SOILS  USED  IN   THESE  TESTS 

The  garden  in  which  most  of  the  tests  were  conducted  had  been  terraced 
up  to  its  present  height  10  feet  above  the  land  below,  so  that  its  level  was  near 
the  summit  of  the  hill  of  which  it  had  formerly  been  the  steep  eastern  slope. 
It  had  been  in  constant  use  as  a  vegetable  garden  for  over  fifty  years  and  had 
been  almost  yearly  manured  with  stable  maniure.  The  soil  is  a  very  black 
sandy  loam,  containing  almost  no  day,  but  with  considerable  amoimts  of 
humus.    No  test  was  made  within  4  feet  of  the  position  of  any  former  test. 

The  soil  termed  sand  formed  a  30-foot  hill  whose  steep  northern  slope 
extended  down  to  a  river.  This  soil  is  a  fine  yellow  sand  and  very  uniform. 
A  thin  (2  to  3-inch)  layer  of  dark,  humus-bearing  soil  overlay  the  sand  and 
the  osmometers  were  placed  with  the  upper  edge  of  their  membranes  about 
an  inch  below  the  jimction  of  the  two  sorts  of  soil.  Large  oak  {Quercus  rubra) 
elm  {Elmus  Americana)  and  basswood  {Tilia  Americana)  trees  grew  on  this 
hill  in  sufficient  number  to  shade  the  area  in  which  the  tests  were  made.  Near 
the  river  Taraxacum  officinale.,  several  ferns,  mosses,  Viola,  Oxalis,  CnicuSj 
Ribes  CynosbaU  and  Ribes  Canadensis  were  growing  sparsely,  and  among  them 
test  9  was  made.  A  portion  of  the  slope  was  much  steeper  than  the  remainder, 
forming  a  ridge  running  back  from  the  water's  edge.  Some  distance  from  the 
river  this  ridge  supported  only  infrequent  clumps  of  a  coarse  grass,  and  here' 
test  8  was  made. 

SUMMARY  OF  FIELD  PROCEDURE  WITH  OSMOMETERS 

An  osmometer,  after  being  tested  for  permeabiUty,  was  filled  with  M.  1.5 
magnesium  sulfate  solution  and  carried  to  the  experimental  plot  (30  to  40 
yards  in  the  garden,  a  few  feet  when  the  sand  was  tested)  in  water.  A  wedge- 
shaped  trench  was  cut  in  the  soil  to  a  depth  of  about  once  and  a  half  the 
height  of  the  osmometer,  i.e.,  about  six  or  seven  inches,  and  slightly  narrower 
at  the  top  than  was  the  osmometer  at  its  widest  part.  The  edges  of  the  trench 
were  trimmed  with  a  sharp  knife  to  a  plane  surface,  making  it  slightly  wider 
at  the  top  than  the  maximum  diameter  of  the  osmometer.  The  instrument 
was  then  removed  from  the  water,  the  excess  moisture  on  the  surface  of  the 
membranes  was  removed  with  absorbent  paper  and  it  was  lowered  into  the 
trench  imtil  it  fitted  snugly.  Pressure  was  carefully  regulated  so  that  the 
natural  texture  of  the  soil  surface  was  altered  as  little  as  possible.  The 
remainder  of  the  trench  was  filled  with  the  earth  that  had  been  removed  in 
its  formation,  some  of  which  was  used  to  cover  the  entire  osmometer  except 
the  horizontal  graduated  tube.  As  soon  as  the  instrument  was  in  position  an 
observation  was  made  and  further  observations  were  taken  regularly  during 
the  time  the  osmometer  was  in  operation.  A  thermometer  was  inserted  m  the 
soil  within  an  inch  or  two  or  the  osmometer's  position  but  in  an  undisturbed 
portion  and  another  was  hung  near  the  first  and  close  to  the  level  of  the  ground. 
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TABLE  1 

Numerical  data  for  the  ^oil  tests 

(Area  of  membranes  2.863  sq.  cm.,  r  =  0.417;  r'  «  0.686;  k  «  94;  length  of  period,  ten  minutes) 
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Numerical  data  of  the  test  of  the  osmometer  operating  against  vfoter 
(Length  of  period  five  minutes) 
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On  suimy  days  and  during  rain  the  osmometer  and  thermometers  were  pro- 
tected by  a  canvas  shade  about  6  feet  square. 

The  greater  portion  of  this  work  was  done  in  the  Laboratories  of  the  Botani- 
cal Department  of  the  University  of  Wisconsin  and  the  author  is  indebted 
to  Professor  J.  B.  Overton  for  facilities,  aid  and  encouragement.  He  also 
desires  to  express  his  thanks  to  Professor  B.  E.  Livingston,  who  suggested  the 
problem  and  whose  constant  interest  and  help  have  been  greatly  appreciated, 
and  also  to  Dr.  E.  E.  Free  for  many  helpful  suggestions. 
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North  America,  $5.00  a  volume.    Foreign,  $5.50  a  volume 

ORDXB  FROM 

WILLIAMS  &  WILKINS  COMPANY 

BAI/riMORE,  tr.  8.  A. 

THE  CAMBRIDGE  UNIVERSITY  PRESS 

FETTER  LANE,   LONDON;  E.  C. 


J.  S.  FRELINGHUYSEN  -  INSURANCE 

111  WILLIAM  ST.,  NEW  YORK 

Surploi  to 
AsmU  Capital  Pdky  HoUos 

Stuyvcsant  Ins.  Co $2,257,302.34  $    700.000  $   925.756.10 

Insurance  Underwriters    .  4.658.595.39  1.000.000  1.40.353.66 

Ins.  Co.  State  of  Pa.  4.658.595.39  1.000.000  I.402J53.66 

Industrial  Fire  Ins.  Co.  794.104.13  300.000  408.562.44 

J.  S.  FRELINGHUYSEN,  Gen.  Agt. 

Applications  on  risks  in  all  parts  of  the  United  States  and  Canada  solicited 
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YOUNG'S  GRAVITOMETER  FOR  LIQUIDS 

Calibrated  at  IS.S""  C. 

This  new  model  of  Young's  Gravitometer  shows*  specific  gravities  of  liquids  to  the  third 
decimal  place,  on  a  direct  reading  scale.  The  fourth  place  can  easily  be  read  between  the 
lines.  Tests  show  these  balances  sensitive  to  i/ioth  milligram  while  the  ordinary  Westphal 
is  not  aflFected  by  lo  milligrams.  The  regular  range  is  0.600  to  2.000,  but  other  ranges  can 
be  furnished  as  desired. 

Determinations  are  carried  out  speedily  and  accurately.  Not  more  than  one  weight  is 
used  at  a  time,  and  there  is  only  one  place  to  hang  it.  There  is  no  sliding  of  riders  along  a 
beam  with  the  chance  of  becoming  twisted  out  of  position.  All  possibility  of  error  in 
reading,  so  common  in  balances  of  the  Westphal  type,  is  eliminated. 

For  the  range  0.600  to  0.700  no  weight  is  required,  but  a  difiFerent  weight  is  furnished 
for  each  o.ioo  degree  gravity;  hence  for  the  regular  range  0.600  to  2.000  there  are  ia  weights 
stamped  .7,  .8,  9,  etc.     The  second  and  third  decimal  places  are  shown  on  the  scale. 

OPERATION:  Immerse  the  plummet  in  the  liquid  to  be  tested.  It  the  pointer  swings 
between  o  and  100  on  the  scale,  the  specific  gravity  is  0.600  plus  the  reading  of  the  pointer 
on  the  scale,  for  example,  0.673.  I^  "^^  pointer  swings  beyond  the  100  mark,  it  is  necessary 
to  place  on  the  hanger  of  the  plummet  the  one  weight  which  will  bring  the  pointer  between 
o  and  100.  This  weight  gives  the  first  decimal  place,  and  the  remaining  two  places  are 
read  at  once  from  the  position  of  the  pointer  on  the  scale;  for  example,  if  the  1.2  weight  is 
used  and  the  pointer  stops  at  54  on  the  scale,  the  specific  gravity  is  1.254.. 

Special  weights  can  be  supplied  for  specific  gravities  higher  than  2,  if  desired. 

YOUNG'S  GRAVITOMETER  FOR  SOLUTIONS,  complete  with  weights 

and  glass  cylinder,  net $70.00 

YOUNG'S  ALCOHOL  VOLUMETER,  for  showing  directly  the  percentage  of  alcohol  by 
volume,  was  specially  designed  for  those  beverages  having  an  alcohol  content  of  less  than  $%, 
but  can  also  be  used  with  stronger  solutions.    Accurate  to  within  i-io  of  x%.    Price,  $70.00. 

Special  scales  can  be  supplied  for  indicating  directly  the  percentage  of  sugar,  salt, 
ammonia,  chlorine,  etc...  in  solutions. 

Bulletin  No.  212,  fully  describing  these  models  and  the  well-known  Young^s  Gravitometer 
cr  Solids t  is  ready.    Write  for  a  copy. 

EIMER  AND  AMEND 

ESTABLISHED  1851 

Third  Avenue,  18th  to  19th  Streets 

2011  Jenkins  Arcade  New  York  City  ^8  Sparks  Street 

Pittsburgh,  Pa.  Ottawa,  Canada 
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PRECISION   BURETTES 

EITHER  WITH  OR  WITHOUT  BUREAU  OF 
STANDARDS  CERTIFICATE 

We  have  a  limited  stock  of  the  following  Precision  Burettes  of  American 
make,  with  straight  glass  stopcock,  in  accordance  with  the  specifications  of  the 
Bureau  of  Standards: — 


rfifrisio!) 
10  *c 


22666.    Burettes*  Precision,  with   straight  glass  stopcock,  50  cc.   in 

1/lOths;  with  unofficial  factory  certificate $6.00 

22682.    Burettes,  Precision,  as  above,  with  Bureau  of  Standards  certifi- 
cate   10.00 


BECKMANN  THERMOMETERS 

48288A.  Thermometer,  Beckmann,  American  make,  with  scale  held  in  place  by 
glass  sealing;  with  auxiliary  scale  with  range  from  10  to  120^0.  in  2® 
divisions  under  reservoir;  for  use  by  either  boiling  point  or  freezing 
point  method;  range  5®  or  d^'C.  divided  in  1/lOOth  degrees.  Highly 
recommended  and  widely  used  in  calorimetry. 

Without  Certificate $18.00  net 

With  U.  S.  Bureau  of  Standards  Certificate 33.00  net 


4S292A.  Thermometer,  Beckmann,  similar  to  48288A  as  to 
range  and  accuracy,  but  with  improved  adjustment  of  auxiliary 
scale  by  means  of  controlled  mercury  drops  instead  of  by  tap- 
ping. To  accomplish  this  a  short  capillary  "A"  is  introduced 
in  the  lower  part  of  the  reservoir.  The  opening  of  this  capil- 
lary is  adjusted  for  delivering  a  controlled  drop  of  mercury  of 
definite  equivalent  in  degrees  C,  which  information  is  en- 
graved on  the  scale  of  each  thermometer  as,  for  instance,  "1 
^  drop  =  1**C."  *  This  arrangement  prevents  the  dropping  dow^ 
of  the  mercury  when  an  upward  movement  is  necessary,  and 
superfluous  mercury  may  be  transferred  to  the  two  arms  at 
the  side  of  the  reservoir  by  simply  inclining  the  thermometer. 
When  a  reservoir  has  become  fiUed  during  transportation  it  will  empty  itself 
automatically  if  the  thermometer  is  held  perpendicularly.  In  other  reservoir 
arrangements  this  is  frequently  prevented  by  the  small  particles  of  air  which 
are  often  present  in  thermometers  of  best  make.  In  this  new  arrangement  such 
air  particles  are  eaught  and  held  below  the  inlet  in  the  reservoir.  This  arrange- 
ment makes  possible  very  exact  setting,  greater  durability  and  less  risk  of  break- 
ace  in  transportation  and  obviates  continuous  tapping  down  of  the  mercury  control  of 
1  ,x*  x-j  r^-o  •'meroury 

column  as  heretofore  practiced.  dropa. 

Without  Certificate $30.00  net 

With  U.  S.  Bureau  of  Standards  Certificate .45.00  net 


Arrancoment 
o  f  auxiliary 
scale  in  No. 
48292A  with 
capillary     for 


Friee9  9uhjeet  to  change  woithout  notice 

ARTHUR  H.  THOMAS  COMPANY 

IMPORTERS-DEALERS-EXPORTERS 

LABORATORY  APPARATUS  AND  REAGENTS 

WEST  WASHINGTON  SQUARE  PHILADELPHIA,  U.S.A. 
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GLASSWARE  /  \ 
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Made  in  America 


No.  4901  P 


No.  4908  P 


No.  4901? 


This  unexcelled  glass  is  made  in  Beakers  and  Flasks  (Flat  Bottom,  Round  Bottom,  Erlen- 
meyer,  Distilling  and  Kjeldahl)  .  For  price  list  of  Pyrex  Beakers  and  other  Glassware, 
Porcelain  and  Whatman  Filter  Paper,  send  for  Bulletin  No.  17-Z. 

LABORATORY  TESTS  OF  PYREX  GLASS. 

STABILITY  TEST.  Average  solubility  towards  distilled  water  for  each  100  square  cen- 
timeters of  exposed  area,  0.00015  gram.  The  glass  contains  no  metals  of  the  magnesia,  lime, 
sine,  or  heavy  metal  group. 

COOLm G  SHOCK  TEST.  The  glassware  was  filled  with  paraffine,  heated,  and  then 
plunged  into  ice  water ;  average  breakmg  temperature  253  degrees  Centigrade. 

DROP  TEST  FOR  MECHANICAL  SHOCK.  Glassware  was  dropped  ri^ht  side  up  on  & 
two-inch  plank;  result,  average  break  drop  for  twenty  400  c.c.  beakers,  30.7  mches. 

4901P.  FLASKS,  Flat  Bottom,  Pyrex  Glass,  with  vial  mouth. 

Capacity,  c.c 50    100    150    200    300    400    500  700  1000  1500  2000 

Number  in  original  case    192    168    108    144      96      84      72  36  36  24  24 

Each $0.12     .13     .16     .18     .21    .26     .29  .36  .43  .51  .60 

Per  doz.  In  original  case  1.30  1.40  1.73   1.94  2.27  2.81  3.13  3.89  4.64  5.51  6.48 

4901AP.  FLASKS,  Flat  Bottom,  Pyrex  Glass,'  with  heavy  ring  neck. 

Capacity,  c.c 500           700  1000 

Number  in  original  case 72             36  36 

Each _ 38            .47  .55 

Per  dozen  in  original  case .._ 4A0          5.08  5.94 

4902BP.  FLASKS,  Round  Bottom,  Balloon  Form,  Pyrex  Glass,  with  short  ring  neck. 


3000 

12 

.76 

8.21 


2000 

24 

.78 

8.42 


300 
132 
.19 
2.05  2.92 


500 
72 
.27 


660 
60 
.29 

3.U 


750 
48 
.33 

3.56 


1000 
36 
.42 

4.54 


1500 
24 
.51 

5.51 


Capacity,  c.c 200  500  1000  1500  2000  3000 

Number  in  original  case-- 144  72  36  24  18  12 

Each .24  .38  .55  .66  .78  .99 

Per  dozenin  original  case ^ 2.59  4.10  5.94  7.13  8.42  10.69 

4903P.  FLASKS,  Erlenmeyer,  Pyrex  Glass. 

Capacity,  c.c. 50     100    150  200  250 

Number  in  original  case.  276    132    252  216  132 

Each 11     .12     .13  .15  .17 

Per  doz.  in  original  case.  1.19  1.30  1.40  1.62  1.84 

4904P.  FLASKS,  Distilling,  Pyrex  Glass,  with  side  tube  in  middle  bf  neck. 

Capacity,  c.c.    ._ _...      50      125      250      500      1000      1500      2000 

Each 38       .43      .52       .70      1.00       1.25      1.40 

Note: — If  specified  when  ordering,  side  tube  may  be  located  where  desired. 

4906P.  FLASKS,  Kjeldahl,  Pyrex  Glass,  with  long  neck  and  round  bottom. 

Capacity,  c.c _ 300  500 

Outside  diameter  of  neck,  mm 30  31 

Total  length,  mm.'_ 315  340 

Number  in  original  case 48  36 

Each - $0.28  .37 

Per  dozen  in  original  case _ 3.02  4.00 


5000 

6 

1.29 

13.93 

2000 

24 

.60 

6.48 


3000 

1.9S 


m 

35 

355 

36 

.45 

4.86 


CENTRAL  SCIENTIFIC  COMPANY 

(Lake  Shore  Driye,  Ohio  and  Ontario  Streets) 
460  East  Ohio  Street  CHICAGO,  U.  S.  A. 
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Top  dressing  with  quick-acting  nitrogen  at 

the  right  time  is  one  of  the  most  profitable 

methods  of  fertilizing 


ARCADIAN 

SULPHATE  OF 

AMMONIA 


kiln  dried  and  ground,  is  especially  prepared  for  this  purpose.  It  can 
be  applied  with  a  grain  drill  at  the  rate  of  loo  pounds  per  acre  or  less. 
This  saves  labor  and  increases  efficiency. 


^^®  (^§§^y  Company 

Successor  to  American  Goal  Products  Company 


Sales  department  agricultural  department 

17  Battery  PK,  New  York  Athens,  (ia.;    Medina,  Ohio;    New  York 
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THE  UFE  OF 

CHILEAN  NITRATE  DEPOSITS 


A.  D.  1917 


Total 

Nitrate  Deposits 

in  Chile 


720 

Million 

Tons 


Estimated  life  of 

deposits  at  present 

rate  of  World's 

consumption 


Upwards  of 

300 

Years 


For  reliable  information  write 

DR.  WM.  S.  MYERS 

DIRECTOR 

CHILEAN  NITRATE  PROPAGANDA 

25  Madison  Ave.,  New  York 
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Red    Cross   Farm   Powders 

For  Preparing  Tree  Holes 

The  extensive  use  of  explosives  for  preparing  root -beds  of  fruit  and  ornamental  trees  is 
an  endorsement  of  this  method  of  tree-planting.  The  prevention  of  first-year  losses,  the  op- 
portunities for  root  expansion  and  deeper  penetration,  the  storage  of  moisture  and  more 
vigorous  growth  are  advantages  directly  traced  to  blasting  soil  before  planting  trees. 

Approved  by  Leading  Orchardists 

Hale,  the  'Teach  King/'  the  Starks,  Harrison  Bros.  Co.,  Craig  of  Virginia,  and 
other  widely-known  and  successful  fruit  growers  say: 

"We  are  thoroughly  convinced  that  trees  planted  in  blasted  ground  are  insured  against 
first-year  loss,  poor  root  development,  limited  feeding  areas,  lack  of  moisture  and  slow  growth.' ' 
If  you  have  trees  to  plant  for  profitable  or  ornamental  purposes,  our 

Free  Booklet  Tells  How 

to  safely  and  sanely  use  RED  CROSS  FARM 
POWDERS  to  blast  the  soil.  Do  not  plant 
your  trees  in  shallow,  spaded  holes.  See  how 
the  roots  in  blasted  soil  extend  over  wider  area 
and  penetrate  deeply  to  moisture-laden  strata 
to  where  plant  food  is  plentiful.  Plant  your 
trees  "for  keeps.'' 

Write  for  FREE  Booklet— "Increasing  Or- 
chard Profits.'' 

E.  I.  du  Pont  de  Nemours 

and  Company 
WILMINGTON,  DELAWARE 
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INFORMATION  FOR  CONTRIBUTORS 

Soil  Science  is  devoted  to  the  broader  outlook  of  the  entire  field  of  soil  fertility.  Articles  dealing 
with  the  m6re  important  facts,  observations,  deductions  and  problems  of  soil  biology,  soil  chemistry, 
and  soil  p  hysics  are  published.  Papers  devoted  to  plant  physiology,  agronomy,  bacteriology,  or  geol- 
ogy are  accepted  for  publication  if  they  contribute  directly  to  the  knowledge  of  soil  fertility.  The 
study  of  the  mineral  and  organic  constituents  of  soils,  soil  gases,  soil  water  as  a  solvent  of  soil  material, 
soil  colloids,  the  transformation  of  conunercial  plant  foods  in  soils,  questions  that  deal  with  the  funda- 
mental facts  of  soil  fertility  and  productivity,  are  given  consideration.  The  phenomena  concerning  soil 
micro-organisms,  such  as  bacteria  molds,  protozoa,  and  algae,  receive  careful  attention. 

Manuscript  submitted  for  publication  and  commtmications  concerning  editorial  matters  should  be 
sent  to  Jacob  G.  Lipman,  New  Jersey  Agricultural  Experiment  Station,  New  Brunswick,  N.  J.,  U.  S.  A 

Fifty  reprints  of  articles  will  be  furnished  gratis  to  contributors  when  ordered  in  advance.  A 
table  giving  cost  of  additional  reprints,  with  an  order  slip,  is  sent  with  proof. 

INFORMATION  FOR  SUBSCRIBERS 

Soil  Science  is  issjei  monthly.  Each  monthly  issue  consists  of  approximately  85  pages.  Two 
volumes  a  \ear  are  issued  at  present.  Each  volume  consists  of  approximately  500  p>ages.  Subscrip- 
tions are  accepted  to  begin  with  the  first  number  ci  the  volume  in  process.  The  volumes  for  the  year 
begin  with  the  January  and  July  issues,  respectively.  Tlie  subscription  price  is  $4.00  for 
Volumes  IV  (Nos.  1-6  inclusive)  and  V  (Nos.  1-6  inclusive)  July,  1917,  to  June,  1918  inclu- 
sive, United  States  and  dependencies.  An  additional  charge  of  25  cents  is  made  for  subscriptions  in 
Canada,  and  50  cents  for  subscriptions  in  foreign  countries.  Volumes  I,  II,  lU,  can  be  furnished  com- 
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But  have  a  care  about  the  greenhouse  you  build.    Much  depends  on  iia  being  right  and 
the  right  construction.    It's  not  any  old  carpenter's  Job 

How  to  Make  Twice  the  Money  With  Half 

the  Work 

or  Half  the  Work  Make  Twice  the  Money 


SOUNDS  like  some  kind  of  gold 
brick  game,  doesn't  it?  If  work- 
ing half  an  acre  with  half  the  men 
and  getting  three  crops  instead  of  one 
is  a  gold  brick  game,  then  it's  up  to 
you  and  the  rest  of  the  boys  to  get  a 
greenhouse.  Borrow,  beg,  or  steal 
money  to  build  a  greenhouse,  and 
get  those  bricks  while  getting  is  good. 
For  example — with  a  greenhouse 
you  can  grow  a  late  fall  and  mid-win- 


ter crop  of  cucumbers  and  an  early 
spring  crop  of  tomatoes. 

Between  the  rows  of  each  a  row  of 
lettuce,  radishes  or  spinach  can  be 
grown.  Or  you  can  have  4  crops  of 
lettuce.     A  crop  every  60  or  70  days. 

With  labor  so  hard  to  get,  why  try 
to  farm  extensively  half  the  year, 
when  with  a  greenhouse  you  can  do 
it  intensively  all  the  year? 

Send  for  special  greenhouse  Vege- 
table Circular  No.  448. 


lorluIWnhamlo, 

Builders  of  Greenhouses  and  Conservatories 

SALES  OFFICES 

New  York — 42nd  St.  Bldg.  Boston— Tremont  Bldg.  Philadelphia— Widener  Bldg. 

Chicaoo — Continentftl  &  Commercial  Bank  Building 

Detroit— Book  Bldg.  Rochester— Granite  Bldg.  Cleveland— Swetland  Bldg. 

Toronto— Royal  Bank  Building  Montreal— Transportation  Bldg. 

FACTORIES 

Irvinqton,  N.  Y.  St.  Cathbrine.«j,  Canada  Des  Plaines,  III. 
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The  AU-In-One 


For  Over  28  Legumes 

The  logical  and  most  economical  means  of  maintaining  or  restoring 
soil  fertility  is  the  growing  of  leguminous  cover  crops. 

Any  crop  demands  proper  physical  condition  and  chemical  reaction  of 
the  soil  b^ore  it  can  succeed.  Legumes  require  in  addition  the  pres- 
ence of  the  symbiotic  bacteria  for  their  development. 

Instead  of  an  assortment  of  cultures  as  profuse  as  the  legumes  them- 
selves, we  have  introduced  into  the  one  medium  all  of  the  strains  of  B. 
radicicola  necessary  for  inoculating  the  28  legumes  of  greatest  agricul- 
tural importance. 

The  use  of  a  finely  granular  organic  medium,  resistant  to  desiccation, 
provides  the  most  aerobic  conditions  which  insure  longevity  of  the 
organisms. 

In  addition,  Aiphano  Inoculant  is  richly  impregnated  with  especially 
efficient  species  of  Azotobacter,  the  non-symbiotic  nitrogen  fixers. 

No  waiting  for  the  seed  to  dry.  The  material  adheres  to  the  seed  on 
simple  mixing,  and  is  ready  for  immediate  seeding. 

Compared  with  most  commercial  cultures,  Aiphano  Inoculant  pro- 
vides tne  necessary  legume  bacteria  at  half  the  cost. 

Further  information  and  samples  furnished  to  Experiment  Stations 
on  request. 

PRICES 
One  Acre  Size  Ten  Acre  Sixe 


(Weight  approximately  2  pounds) 

$1.00 


(Weight  approximately  20  pounds) 
$8.00 


Aiphano  Humus  Company 


17  Battery  Place 


New  York  City 
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THE  PRODUCTION  OF  AVAILABLE  PHOSPHORUS  FROM  ROCK' 
PHOSPHATE  BY  COMPOSTING  WITH  SULFUR  AND  MANURE    ^ 

P.  E.  BROWN  AND  H.  W.  WARNER 
Iowa  Agricultural  ExperimefU  Station  ^ 

Received  for  publication  August  10,  1917 

Ever  since  the  d&ys  of  Liebig,  the  need  of  the  return  to  the  soil  of  the  phos- 
phorus removed  by  crops  has  been  recognized.  Various  phosphorus-con- 
taining materials  have  been  and  are  still  being  employed  as  fertilizers  but; 
the  discovery  of  the  extensive  deposits  of  mineral  phosphates  in  various 
parts  of  this  country  has  made  these  materials,  at  this  time,  the  chief  source 
of  phosphorus  for  general  fertilization  purposes. 

The  phosphorus  in  these  mineral  phosphates  is  in  an  unavailable  form  and 
they  have  been  treated  commercially  with  sulfuric  acid  to  produce  available 
phosphorus  or  "add  phosphate."  Considerable  expense  is  involved  in  this' 
process  with  the  consequent  efiPect  that  the  phosphorus  in  acid  phosphate- 
costs  the  farmer  more  than  twice  as  much  as  that  in  the  raw  rock.  Attempts 
have  therefore  been  made  from  time  to  time  to  devise  some  practical  method 
of  treating  the  raw  material  on  the  farm,  either  before  or  after  application  to 
the  soil,  to  make  it  available.  Many  experiments  have  been  carried  out, 
mixing  the  phosphate  with  decaying  organic  matter,  but  the  results  have  been 
far  from  satisfactory.  The  investigations  have  been  summarized  by  Lip- 
man,  McLean  and  Lint  (5,  6)  and  the  conclusion  seems  well  warranted  that 
this  production  of  acid  phosphate  on  the  farm  by  composting  with  organic 
materials  is  at  best  a  very  uncertain  process. 

The  above-mentioned  authors  suggested  the  use  of  free  sulfur  with  rock 
phosphate  to  make  the  phosphorus  available.  The  sulfur  is  oxidized  rapidly 
in  the  soil  through  the  action  of  microorganisms  and  the  sulfuric  acid  pro- 
duced reacts  with  the  raw  rock,  producing  acid  phosphate  in  much  the  same 
way  as  the  latter  material  is  obtained  commercially.  This  method  of  produc- 
ing available  phosphorus  was  tested  with  several  soils  and  was  found  to  be 
very  eflSdent  in  all  cases.  The  soil  containing  the  largest  amount  of  organic 
matter  was  found,  however,  to  lead  to  the  greatest  increase  in  available 
phosphorus.  The  authors  conclude  that  in  field  practice,  inert  phosphates 
may  best  be  made  available  by  sulfur  oxidation  in  a  compjst  heap  contain- 
ing a  relatively  laige  proportion  both  of  phosphate  and  sulfur. 

From  a  consideration  of  the  investigations  briefly  referred  to  above  and 
the  conclusions  drawn  from  them,  it  seemed  that  acid  phosphate  might  be 
produced  on  the  farm  to  good  advantage  by  composting  the  raw  rock  with 
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sulfur  and  manure.  A  double  purpose  might  thus  be  accomplished,  not 
only  by  producing  available  phosphorus,  but  in  conserving  the  maniiie. 
Just  how  efficient  such  a  method  of  conservation  of  the  valuable  portions 
of  manure  might  be,  remains  to  be  ascertained  in  future  studies.  The  pres- 
ent work  is  concerned  only  with  the  changes  which  the  phosphorus  and  the 
sulfur  undergo  in  the  manure  heap. 

Furthermore,  if  it  were  possible  to  produce  acid  phosphate  in  the  manure 
heap  by  composting  not  only  would  there  be  a  large  saving  in  the  cost  of  the 
phosphorus  applied  to  the  soil,  but  also  the  expense  of  application  would  be 


The  purpose  of  the  experiments  reported  in  the  following  pages  was  there- 
fore to  ascertain  the  feasibility  of  producing  acid  phosphate  on  the  farm  by 
composting  rock  phosphate  with  sulfur  and  various  farm  manures. 

EXPERIMENTAL 

It  was  realized  that  one  of  the  chief  factors  involved  in  the  success  of  the 
process  >would  be  the  efficiency  of  the  sulf of ying  flora  of  the  manure.  Ac- 
cordingly, a  preliminary  series  was  planned  to  throw  some  light  on  this  point 
and  to  compare  the  sulfofying  floras  of  the  manures  to  be  tested  with  that 
of  a  rich  loam. 

One-hundred-gram  quantities  of  an  air-dry  silt  loam  were  weighed  out  in 
tumblers.  Each  portion  of  soil  received  an  addition  of  100  mgm.  of  flowers 
of  sulfur,  which  were  thoroughly  stirred  in.  Duplicate  portions  of  the  soil 
were  then  inoculated  with  5  cc.  of  infusions  of  compost,  horse  manure,  cow 
manure  and  fresh  soil,  respectively.  Water  was  added  in  sufficient  amounts 
to  bring  the  content  of  the  soils  up  to  the  optimum.  The  mixtures  were 
incubated  for  10  days  at  room  temperature.  At  the  end  of  that  time  the 
sulfates  were  extracted  by  shaking  with  water  for  7  hours  and  determined 
photometrically  according  to  the  method  of  Brown  and  Kellogg  (2). 

The  results  of  this  test  were  as  follows: 


MCK.  or  SULFUR  AS 

SULFATE 

60.80 

62.80 

61.80 

61.20 

62.80 

62.00 

62.80 

64.40 

63.60 

62.80 

62.00 

62.40 

Compost < 

Cow  manure < 

Horse  manure \ 

Loam < 


It  is  apparent  from  these  results  that  each  of  the  manures  in  question  has 
a  sulfofying  flora  practically  as  efficient  as  that  of  the  rich  loam.    The  horse 


Digitized  by 


Google  ■ 


PRODUCTION   07   FHOSPHOHUS   FROM  ROCK  PHOSPHATE  271 

manure  seemed  to  give  a  slightly  more  vigorous  action  than  the  other  manures 
and  the  soil,  but  the  differences  were  too  small  to  be  distinctive.  In  every 
case  over  60  per  cent  of  the  sulfur  added  was  transformed  to  sulfates.  This 
would  indicate  clearly  that  the  manures  and  the  soil  tested  contain  sulfo- 
fiers  of  such  efficiency  and  in  such  abundance  as  to  insure  a  rapid  production 
of  sulfates  in  the  field. 

PLAN  OP  THE  EXPERIMENT 

The  experiment  was  arranged  in  three  series,  a  different  manure  being  used 
in  each.  Compost,  cow  manure,  and  horse  manure  were  used  in  series  A, 
B  and  C,  respectively. 

The  compost  consisted  of  a  mixture  of  horse  manure,  cow  manure,  straw, 
hay,  and  other  litter.  It  represented  fairly  well  the  contents  of  the  ordinary 
manure  pile  or  pit.  This  material  was  dried,  ground,  mixed  and  analyzed 
for  total  phosphorus.  The  phosphorus  content  was  found  to  be  0.3232  per 
cent,  on  the  dry  basis. 

The  horse  manure  and  cow  manure  were  fresh,  imfermented  materials  and 
contained  no  straw  or  litter  of  any  kind.  These  were  treated  in  the  same 
manner  as  the  compost.  The  phosphorus  content  was  found  to  be  0.6051  and 
0.5165  per  cent,  respectively. 

The  rock  phosphate  employed  was  a  finely-ground  rock,  analyzing  12.81 
per  cent  of  total  phosphorus.    Pure  precipitated  sulfur  was  used. 

Small  glass  tumblers  were  used  as  containers.  Therse  were  fitted  with  tin 
covers  to  prevent  excessive  evaporation,  but  loosely  enough  to  permit  ade- 
quate aeration.  In  each  timibler  was  placed  25  gm.  of  the  dry  manure, 
treated  in  duplicate,  as  follows: 

Nos.  11  to  15  (inclusive)  25  gm.  manure. 

Nos.  21  to  25  (inclusive)  25  gm.  manure. 

Nos.  31  to  35  (inclusive)  25  gm.  manure  +  4  gm.  rock  phosphate. 

Nos.  41  to  45  (inclusive)  25  gm.  manure  +  4  gm.  rock  phosphate 

Nos.  51  to  55  (inclusive)  25  gm.  manure  +  1}  gm.  sulfur. 

Nos.  61  to  65  (inclusive)  25  gm.  manure  +  1}  gm.  sulfur. 

Nos.  71  to  75  (inclusive)  25  gm.  manure  +  1}  gm.  S.  +  4  gm.  rock  phosphate 

Nos.  81  to  85  (inclusive)  25  gr.  manure  +  li  gm.  S.  -h  4  gm.  rock  phosphate. 

Each  series  was  treated  the  same,  the  only  difference  being  in  the  manure 
used.  All  additions  were  thoroughly  mixed  with  the  manure  and  the  con- 
tents of  each  tumbler  were  inoculated  with  2  cc.  of  a  corresponding  infusion 
'  of  fresh  manure.  Sufficient  water  was  added  to  bring  the  contents  of  the  soils 
up  to  the  optimum  and  they  were  incubated  at  room  temperatures,  the  water 
lost  by  evaporation  being  restored  every  three  weeks. 

The  entire  contents  of  the  pots  were  taken  for  anal3rsis.  This  was  done  in 
order  to  eliminate  the  possibility  of  not  securing  representative  portions  of 
the  mixtures.  Determinations  of  available  phosphorus  were  made  at  the 
following  intervals : 
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Nos.  11,  21,  31,  41,  at  beginning  (no  fennentation}. 
No8. 12,  22,  32,  42,  after  6  weeks'  fermenUtion. 
Nos.  13,  23,  33,  43,  after  9  weeks'  fermentation. 
Nos.  14,  24,  34,  44,  after  12  weeks'  fermentation. 
Nos.  15,  25,  35,  45,  after  15  weeks'  fermentation. 

Available  phosphorus  determinations 

The  methods  now  m  use  for  determining  available  phosphorus  aie  quite 
arbitrary,  and  in  no  way  can  they  be  considered  even  as  approximations  of 
the  phosphorus  actually  available  for  plant  use.  In  this  work,  the  phosphorous 
was  extracted  by  N/5  HNQi  with  5  hours'  constant  shaking  at  room  tem- 
perature. The  N/5  HNQi  is  perhaps  a  more  active  solvent  than  some  of  the 
other  extraction-solutions,  but  it  undoubtedly  gives  dependable  compaiative 
Insults. 

Fraps  (4),  Tottingham  and  Hoffman  (7)  and  Ames  and  Gaither  (1)  have  used 
this  add  for  phosphorus  extraction.  The  greater  convenience  of  preparing 
and  working  with  N/5  HNOs,  as  compared  with  some  of  the  other  solvents, 
was  also  considered  in  the  selection  of  this  solution  as  the  measure  of  avail- 
ability. 

To  determine  the  available  phosphorus  by  this  method  the  contents  of  the 
tumblers  were  transferred  to.  shaker  bottles  with  250  cc.  of  N/5  HNOi. 
These  were  shaken  for  5  hours  in  a  mechanical  shaker.  The  contents  were 
filtered  and  duplicate  SO-cc.  portions  of  the  filtrate  were  evaporated  to  dryness 
with  5  cc.  of  Mg(N0s)2.  The  residues  were  ignited  and  dissolved  in  HNQt 
and  a  little  HCl.  The  phosphorus  was  then  precipitated  in  the  usual  way  and 
determined  volumetrically. 

Series  A 

In  table  1  are  given  the  results  of  the  determinations  made  in  Series  A  where 
compost  was  used  as  the  manure  with  which  the  floats  and  sulfur  were 
composted. 

TABLE  1 
Dderminaiions  of  available  phosphorus  when  compost  was  used 


COMPOST 

OCniFOfiT 
AMDSOUTTl 

ZNCUKASB 
DUB  TO 
SULTDR 

O0MPO8T 
AMD 

OQUPOBT, 

SULFDSAKD 

XL0AT6 

nvcuASB 

DUSTO 

sora 

Total  Phosphorus 

mgm. 
80.8 

49.3 
47.9 
58.3 
59.9 
57.6 

mgm. 
80.8 

49.3 
56.9 
63.3 
63.3 
60.9 

mgm. 

0.0 
9.0 
5.0 
3.4 
3.3 

mgm. 
593.2 

289.9 
249.5 
255.5 
268.9 
272.9 

mgm. 
593.2 

289.9 
342.2 
371.0 
395.4 
428.6 

mgm. 

Time: 

At  bf^frinninff' r ..,.., . 

0.0 

£nd  of  6  weeks 

92.7 

End  of  9  weeks 

115.5 

End  of  12  weeks 

126.5 

End  of  15  weeks 

155.7 
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It  is  evident  from  these  figiires  that  in  the  untreated  compost,  fermenta- 
tion caused  a  rather  noticeable  increase  in  available  phosphorus  which  ap- 
paiently  reached  its  maTrimum  at  the  end  of  9  weeks,  the  variations  after  that 
time  being  too  small  to  be  distinct.  The  compost  treated  with  sulfur  gave  a 
similar  increase,  which  was  slightly  greater  than  where  no  sulfur  was  added. 
The  addition  of  sulfur  apparently  enhanced  the  solubility  of  the  phosphorus 
although  to  a  rather  limited  extent.    When  rock  phosphate,  containing 
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Compost* 


9 
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16 


Weeks  of  Inculcation* 

Fig.  1.  DiAGRAic  Showino  Determinations  of  Available  Phosphorus  When  Compost 

Was  Used 

512.4  mgm.  of  phosphorus,  was  added  to  the  manure,  there  occurred  at  the 
beginning,  an  enormous  increase  in  available  phosphorus.  This  increase 
represented  45  per  cent  of  the  total  phosphorus  in  the  mixture.  Evidently 
the  solution  used  for  extraction  dissolved  much  more  phosphorus  from  the 
floats  than  would  be  readily  available  to  plants.  Six  weeks  of  fermentation 
caused  a  very  noticeable  depression  in  phosphorus-availability.  After  that 
time,  however,  there  was  a  continuous,  gradual  increase,  up  to  15  weeks, 
but  at  that  time  the  original  degree  of  solubility  had  not  quite  been  attained. 
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With  longer  incubation,  further  increases  in  available  phosphorus  might  have 
occurred  and  the  amount  produced  might  have  been  far  in  excess  of  that 
obtained  at  the  beginning. 

Where  sulfur  was  present  with  the  compost  and  floats  an  unquestionable 
increase  in  availability  was  found.  With  only  6  weeks'  composting,  the  sul- 
fur caused  a  greater  solubility  of  phosphorus  by  92.7  mgm.,  as  compared  with 
the  mixtures  containing  no  sulfur.  The  increases  became  greater  at  each 
sampling  until  at  the  final  date  a  gain  of  155.7  mgm.  of  pho^horus,  or  26 
per  cent  of  the  total  phosphorus  present,  was  obtained,  due  to  the  action  of 
the  sulfur.  The  addition  of  sulfur  to  the  floats  and  manure  evidently  not  only 
offset  the  depression  brought  about  in  the  mixture  of  compost  and  floats, 
but  caused  a  very  marked  gain  in  the  solubility  of  the  phosphorus  in  the  floats. 
The  results  obtained  in  this  series  furnish  very  definite  evidence  in  support 
of  the  theory  that  the  phosphorus  in  floats  may  be  made  available  by  com- 
posting with  manure  and  sulfur.  The  results  of  Series  A,  as  given  in  table 
1,  are  shown  graphically  in  figure  1. 


Series  B 

The  results  given  in  table  2  show  the  amounts  of  available  phosphorus 
found  at  the  various  intervals  in  mixtures  of  cow  manure  with  floats  and 
sulfur. 

TABLE  2 
Determinations  of  available  phosphorus  when  cow  manure  ivas  used 


Total  Phosphorus. . 
Time: 

At  beginning 

End  of  6  weeks. . 

End  of  9  weeks. . 

End  of  12  weeks. 

End  of  15  weeks. 


cow 

MANUU 


129.1 

103.9 
79.5 
80.6 
81.6 
83.3 


COWXA- 

NUUEAMD 
SULTUR 


mgm. 
129.1 

103.9 

100.3 

96.6 

97.6 

99.3 


0.0 
20.8 
16.0 
16.0 
16.0 


COWHA- 
NURS  Aia> 

noAXs 


8U£FUE  AMD 
FLOATS 


mgm. 
645.1 

307.9 
284.9 
297.7 
285.9 
279.9 


645.1 

307.9 
421.5 
437.9 
444.5 
464.2 


DUB  TO 

snum 


0.0 
136.6 
140.2 
158.6 
184.3 


It  is  evident  from  these  data  that  the  availability  of  the  phosphorus  in  the 
imtreated  cow  manure  was  greatly  lessened  by  fermenting  for  6  weeks.  This 
is  in  direct  opposition  to  the  corresponding  results  in  the  compost  series, 
where  an  increase  in  availability  was  found.  After  6  weeks  there  was  a 
gradual  increase  in  the  availability  .which  was  so  small  as  to  be  of  no  conse- 
quence. This  decrease  in  available  phosphorus  is  probably  the  result  of  the 
vigorous  action  of  phosphate-assimilating  organisms  in  the  early  stages  of 
fermentation  in  fresh  manure. 

Where  sulfur  was  added  to  the  manure  a  very  slight  decrease  in  available 
phosphorus  occurred.    HJere  the  presence  of  sulfur  practically  prevented 
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any  depression  in  pho^horus-solubility,  but  did  not  cause  any  greater  solu- 
bility from  the  original  analjrsis  to  later  ones.  Of  the  512.4  mgm.  of  phos- 
phorus in  the  rock  phosphate-  added  to  the  manure,  204.0  mgm.  were  found 
to  be  soluble,  at  the  first  sampling.  At  later  dates  smaller  amounts  of  avail- 
able phosphorus  were  obtained,  the  decrease  becoming  slightly  greater  at 
the  end  of  15  weeks.    If  the  e^qwriment-  had  been  continued  for  a  longer 
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Fig.  2.  Diagsam  Showing  Betesminations  of  Available  Phosphorus  When  Cow 

Manure  Was  Used 

time  an  increase  in  available  phosphorus  might  have  been  secured.  Evi- 
dently the  activities  of  phosphate-assimilating  organisms  is  great  enough  in 
the  early  stages  of  fermentation  of  manure  to  reduce  the  availability  not  only 
of  the  phosphorus  in  the  manure  but  of  that  added  in  the  phosphate. 

Where  sulfur  had  been  added  with  the  floats  the  effects  on  the  produc- 
tion of  available  phosphorus  are  quite  distinct.  After  6  weeks  of  compost- 
ing, the  sulfur  produced  the  remarkable  increase  of  136.6  mgm.  of  available 


Digitized  by 


Google 


276 


p.  E.  BROWN  AND  H.  W.   WASNEK 


phosphorus  over  the  manure*floats  mixtures.  Larger  increases  were  found 
at  each  succeeding  date  and  the  greatest  effect  of  the  sulfur  was  found  at  the 
final  analysis  when  184.3  mgm.  of  phosphorous  were  made  soluble.  This 
amount  equalled  29  per  cent  of  the  total  phosphorus  in  the  manure  and  floats. 
As  in  the  preceding  series  the  action  of  the  sulfur  not  only  overcame  the  de- 
pression in  phosphosus-availability  in  the  manure-floats  mixture  but  also 
brought  about  a  very  marked  increase  in  soluble  phosphorus  at  the  succes- 
sive periods  of  composting.  Series  B  affords  additional  data  confirming  the 
theory  that  the  phosphorus  in  floats  may  be  made  available  by  composting 
with  manure  and  sulfur.  Figiu:e  2  shows  graphically  the  numerical  results 
expressed  in  table  2. 

Series  C 

In  this  series  horse  manure  was  used  as  the  medium  to  which  the  floats 
and  sulfur  were  added.  The  results  of  the  determinations  for  available 
phosphorus  are  recorded  in  table  3. 

TABLE  3 
DeterminaUohs  of  awUlable  phosphorus  when  horse  manure  t/his  used 


HORSX 
MANUU 

HOfRSBKA- 
NXJKXAND 

SUUPUR 

IMCtSASB 
DUB  TO 
SUITUR 

HOKSBMA- 

MXnJBAMD 

VLOATS 

HOtSBMAR- 
intB,SIIEYOB 
AMD  nOATS 

OCSXASB 
DOB  TO 

samB 

Totftl  Phosphorus 

mtm. 
150.8 

107.9 

106.8 

102.3 

89.5 

99.9 

mgm. 
150.8 

107.9 
110.9 
113.6 
113.6 
112.3 

mtm. 

00.0 
4.1 
11.3 
24.1 
12.4 

mgm. 
663  2 

363.9 
342.9 
338.2 
350.9 
362.5 

mgm. 
663.2 

363.9 
415.2 
433.9 
451.5 
481.9 

mgm. 

Tune: 
At  besinninff 

00.0 

End  of  6  weeks 

72.3 

End  of  9  weeks 

95.7 

End  of  1 2  weeks 

100.6 

End  of  15  weeks 

119.4 

As  in  Series  B,  there  was  a  depression  in  available  phosphorus  in  the  un- 
jtreated  manure.  This  was  greatest  at  the  end  of  12  weeks,  the  final  analysis 
exhibiting  a  distinct  increase  in  the  phosphorus  extracted,  but  the  amount 
was  less  than  that  secured  in  the  unfermented  manure.  Upon  addition  of 
sulfur,  this  depression  was  eliminated  and  actual  increases  over  the  origmal 
analysis,  are  to  be  noticed.  The  effect  of  the  sulfur  was  greatest  at  the  12 
weeks'  sampling  when  its  presence  caused  an  increase  of  24.1  mgm.  of  avail- 
able phosphorus  over  the  manure  to  which  no  sulfur  had  been  added. 

Of  the  512.4  mgm.  of  phosphorus  in  the  floats  added  to  the  manure,  256.0 
mgm.  are  indicated  as  available,  at  the  first  analysis.  A  decided  decrease 
in  available  phosphorus  then  took  place  until  after  the  12  weeks'  interval, 
when  an  increase  occurred.  The  fiinal  extraction  of  the  manure-floats  mix- 
ture was  only  very  slightly  less  than  the  original  extraction  of  the  same 
mixture.  These  results  are  similar  to  those  secured  with  the  compost  and  the 
reverse  of  those  with  the  cow  manure. 
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Again,  the  addition  of  sulfur  to  the  manure  and  floats  appreciably  enhanced 
the  sohibility  of  the  phosphorus  in  addition  to  overcoming  the  lessened  solu- 
bility found  in  the  manure-floats  mixtures.  At  the  end  of  the  experiment 
there  was  an  increased  availability  of  119.4  mgm.  of  phosphorus,  or  18  per 
cent  of  the  total,  which  increase  was  due  to  the  action  of  the  sulfur  added. 
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Fig.  3.  Diagram  Showing  Detesjonations  of  Available  Phosphorus  When  Horse 

Manure  Was  Used 

The  results  of  this  series  check  those  of  series  A  and  B  in  substantiating  the 
theory  upon  which  the  experiment  was  based.  Figure  3  is  the  graphic  repre- 
sentation of  the  results  tabulated  in  table  3. 

DISCUSSION 

For  the  most  part,  a  rather  dose  agreement  is  found  between  the  results 
of  these  three  series.  The  most  noticeable  exception  to  this  occurred  in  the 
case  of  the  untreated  manures,  where  the  fermentation  increased  the  avail- 
able phosphorus  in  the  compost  material  but  decreased  it  in  both  the  cow 
manure  and  horse  manure.    The  cause  of  these  difiPerences  is  uncertain  but 
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it  is  probable  that  the  variations  in  the  physical,  chemical  and  bacteriological 
conditions  of  the  various  manures  had  much  to  do  in  bringing  about  these 
results.  The  depressions  found  in  the  amounts  of  available  phosphorus  in 
the  horse  manure  and  cow  manure  agree  with  the  results  obtained  by  Egorov 
(3).  When  sulfur  was  added  to  the  manures  there  was  a  more  or  less  apparent 
gain  in  available  phosphorus,  as  compared  with  the  untreated  manures. 
In  the  horse  manure-sulfur  mixtures  and  compost-sulfur  mixtures,  the  final 
results  were  somewhat  higher  than  the  original  results.  The  reverse  was 
true  in  the  cow  manure-sulfur  mixtures  although  the  difference  between  the 
first  and  last  analyses,  in  this  series,  was  inconsiderable. 

Undoubtedly,  the  method  of  extracting  the  available  phosphorus  indicated 
a  greater  amount  of  phosphorus  than  would  be  readily  available  of  plants. 
Where  512.5  mgm.  of  phosphorus  were  added  to  the  manures,  increases  were 
found  of  240.6  mgm.,  204  mgm.  and  256  mgm.  of  soluble  phosphorus,  in  Series 
A,  B  and  C,  respectively,  before  fermentation.  This  shows,  further,  that 
when  the  floats  were  mixed  with  the  various  kinds  of  manures,  different 
amounts  of  phosphorus  were  extracted.  It  would  seem  that  the  manures 
absorbed  different  quantities  of  the  extracting-add,  thus  leaving  unequal 
amoimts  of  this  solution  free  to  act  upon  the  particles  of  floats.  It  is  pos- 
sible, too,  that  ozie  kind  of  manure  may  have  offered  more  physical  protection 
to  the  floats  particles  than  did  another  kind.  Although  N/5  HNOs  probably 
yielded  high  absolute  amounts  of  available  phosphorus,  it  imdoubtedly  yielded 
reliable  comparative  amounts. 

In  each  of  the  thr6e  series,  fermentation  depressed  the  solubility  of  the 
phosphorus  in  the  manure-floats  mixtures.  In  series  C,  the  final  analysis  of 
he  manure  and  floats  showed  almost  the  same  availability  as  the  first  anal- 
ysis. This  would  indicate  that,  after  a  period  of  depression,  there  is  a  ten- 
dency to  regain  the  original  solubility.  The  same  phenomenon  was  found 
to  occur  in  the  compost-floats  mixtures.  The  depression  of  available  phos- 
phorus in  the  manure  and  floats  is  probably  attributable  to  bacterial  assim- 
ilation of  the  dissolved  phosphorus.  The  cause  of  the  increases  subsequent 
to  the  decreases  may  be  that  after  a  certain  time  the  phosphorus-assimilating 
bacteria  cease  to  develop  proportionately  to  the  phosphorus-liberating 
bacteria,  which  condition  then  permits  of  the  accumulation  of  soluble  phos- 
phorus. It  is  of  interest  to  note  that  in  no  case  did  composting  of  floats 
with  manure  result  in  increased  availability  of  the  phosphoric  acid.  This 
agrees  well  with  the  results  of  several  other  investigations. 

The  enormous  gains  in  available  phosphorus  where  sulfur  was  added  with 
the  rock  phosphate  are  the  significant  results  of  this  experiment.  These 
gains  in  phosphorus-solubility  are  so  consistent  and  of  such  magnitude  that 
the  effect  of  the  sulfur  can  hardly  be  questioned.  After  15  weeks  of  composting 
the  available  phosphorus,  as  a  result  of  the  action  of  the  sulf  iir,  amounted  to 
about  24  per  cent  of  the  total  phosphorus  in  the  mixtures  of  manure-sulfur- 
floats  in  every  series.    The  constant  increases  in  phosphorus-availability 
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with  the  successive  anal)rses  indicate  that,  upon  longer  composting,  a  greater 
percentage  of  the  floats  would  be  made  available.  It  is  very  evident  that  the 
sulfur  was  oxidized  to  sulfuric  acid  by  the  sulfofjring  organisms  introduced 
in  the  manure  infusions.  The  sulfuric  acid  thus  formed  reacted  with  the 
insoluble  rock  phosphate  and  produced  acid  phosphate  in  the  same  way  that 
this  product  is  made  commercially. 

It  is  a  common  practice  to  apply  manure  with  rock  phosphate  with  the 
idea  of  making  the  latter  available  in  the  soil.  It  should  be  equally  practicable 
to  apply  a  mixture  of  these  materials  with  sulfur  after  composting,  and 
especially  if  the  phosphorus  can  be  applied  in  a  more  available  form. 

There  are  several  considerations  which  must  be  taken  into  account  in  the 
application  of  this  composting  process  to  farm  practice.  Some  of  these  are: 
the  ratio  of  sulfur  to  the  floats  and  the  proportion  of  these  materials  to  the 
manure  in  the  composting  mixture;  the  length  of  time  for  a  maximum  pro- 
duction of  available  phosphorus  in  the  compost;  and  finally,  and  most  im- 
portant of  all,  the  economic  consideration. 

Commercially,  acid  phosphate  is  prepared  by  treating  rock  phosphate  with 
an  equal  part  by  weight  of  60  per  cent  sulfuric  acid.  About  400  pounds  of 
sulfur  are  contained  in  1  ton  of  this  add,  hence  the  sulfur  and  floats  should 
probably  be  mixed  in  the  proportion  of  about  1  part  of  sulfur  to  5  parts  of 
floats.  The  amoimt  of  this  mixture  to  use  per  ton  of  manure  must  be  gov- 
erned by  the  amoimt  of  manure  and  the  amount  of  rock  phosphate  to  be 
applied.  Experiments  along  this  line  are  desirable,  for  while  there  might 
probably  be  no  fixed  mixture  which  would  be  the  most  profitable,  there  would 
undoubtedly  be  a  minimimi  amount  of  manure  which  should  be  used  with  a 
certain  amount  of  rock  phosphate. 

The  results  of  this  experiment  show  that  the  longest  time  of  composting 
gave  the  highest  availability  of  the  phosphorus.  Ordinarily  it  would  be 
possible  and  practicable  to  allow  the  late  summer,  fall  and  winter  manures  to 
compost  imtil  spring.  This  would  permit  of  from  2  to  4  months'  composting 
in  which  time  a  sufficient  amount  of  available  phosphorus  would  be  produced 
to  meet  the  early  requirements  6i  the  crop.  The  continued  action  after 
applying  the  composted  mixture  to  the  soil  would  make  an  adequate  accumu- 
lation of  available  phosphorus  for  the  later  growth  of  the  crop. 

To  know  whether  it  is  economical  to  produce  available  phosphorus  by  this 
method  it  must  be  tested  under  actual  field  and  crop  conditions.  Some 
theoretical  estimations  can  be  made,  however,  which  should  indicate  rather 
definitely  the  economy  of  such  a  practice.  Since  the  "compost"  material 
used  in  this  experiment  most  nearly  represented  the  mixed  barnyard  manures, 
the  calculations  should  be  based  on  the  results  in  series  A.  The  25-gm. 
portion  of  dry  compost  was  equivalent  to  100  gm.  of  the  fresh  material. 
Hence,  in  the  experiment,  the  floats  were  added  in  the  proportion  of  4  to 
100  or  80  pounds  of  floats  per  ton  of  fresh  manure.  The  floats  contained 
12.81  per  cent  of  phosphorus.    Thus  10.25  pounds  of  the  element  phosphorus 
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were  added  in  each  80»poutid  portion  of  raw  rock.  After  15  weeks  there 
was  an  increased  availability  equal  to  26  per  cent  of  the  total  pho^honis 
in  the  mixture.  The  total  phosphorus  in  one  ton  of  fresh  manure  and  80 
pounds  of  floats  was  11.85  pounds.  Therefore,  an  increase  of  26  per  cent  of 
the  total  phosphorus  would  be  equivalent  to  3.08  pounds  of  available  phos- 
phorus per  ton  of  the  mixture.  Assuming  that  the  N/5  HNQi  extracted 
twice  as  much  phosphorus  from  the  mixture  as  would  be  readily  available  to 
plants,  the  amoimt  of  available  phosphorus  produced  would  be  reduced  to 
1.54  pounds.  Then,  in  a  10-ton  application  of  this  composted  mixture  con- 
taining 800  pounds  of  rock  phosphate,  there  would  be,  presiunably,  15.4 
pounds  of  available  phosphorus  produced  in  15  weeks'  fermentation.  This 
amount  alone  is  enough  for  a  90-bushel  crop  of  com  or  a  60-bushcl  crop  of 
wheat.  But  the  production  of  available  phosphorus  would  not  cease  upon 
application  of  the  mixture  to  the  soil.  It  has  been  shown  that  the  produc- 
tion of  soluble  phosphorus  by  sulfur-oxidization  goes  on  very  rapidly  in  a  soil 
mediimi.  Hence  the  conclusion  seems  justified  that  there  would  be  a  con- 
tinuous action  going  on  in  the  soil  until  practically  all  of  the  rock  phosphate 
became  converted  to  acid  phosphate. 

Theoretically,  the  foregoing  discussion  and  estimates  show  that  a  sufficient 
amount  of  available  phosphorus  for  crop  requirements  can  be  produced  by  the 
proposed  method,  and  that  the  entire  application  of  floats  can  be  made  avail- 
able upon  further  action  in  the  soil.  Rock  phosphate  costs  about  $10.00  a 
ton,  including  freight,  and  400  poimds  of  sulfur  cost  about  $8.00.  Thus  the 
cash  investment  necessary  for  making  a  ton  of  floats  available  would  be  about 
$18.00.  On  the  basis  of  12.81  per  cent  of  phosphorus  in  rock  phosphate,  it 
would  be  possible  to  make  256  pounds  of  available  phosphorus  at  a  cost  of 
$18.00,  or  7.0  cents  per  pound  of  phosphorus.  Commercially  manufactured 
acid  phosphate  costs  about  15  cents  per  poimd  of  phosphorus  contained. 

From  the  estimates  made  above  and  from  the  calculations  based  upon  these 
estimates,  it  appears  highly  probable  that  rock  phosphate  can  be  made 
available  in  a  practical  and  economical  way  on  the  farm.  The  proposed 
method  is  based  upon  sound  bacteriological  and  chemical  principles  and  is  in 
no  way  impracticable  in  its  application.  Actual  field  tests  must  of  course  be 
carried  out  before  definite  reconmiendations  can  be  made  as  to  the  advisabil- 
ity of  adopting  this  process  on  the  farm. 

Series  D 

As  the  foregoing  experiments  indicate  rather  definitely  the  possibility  of 
producing  available  phosphorus  by  composting  rock  phosphate  with  sulfur 
and  manure,  it  viras  deemed  advisable  to  determine  the  effect  of  thorough 
mixing  or  layering  of  the  floats  and  sulfur  with  the  manure. 

Accordingly,  a  series  was  planned  in  which  different  amounts  of  rock 
phosphate  and  sulfur  were  added  to  horse  manure,  the  additions  being  thor- 
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oughly  mixed  in  one  half  of  the  tumblers  and  IsLyexed  in  the  other  half.  Rock 
phosphate  was  used  in  1-,  2-,  and  3-gm.  quantities  with  the  same  proportionate 
amount  of  sulfur  as  was  employed  in  the  other  series — 1^  to  4.  All  the  tests 
were  made  in  duplicate.  The  methods  used  for  inoculation,  incubation, 
sampling,  anal3rsiSy  etc.,  were  the  same  as  described  for  series  A,  B  and  C. 
Analyses  for  available  phosphorus  were  made  at  the  beginning,  at  the  end  of 
3  weeks,  and  at  the  end  of  6  weeks. 

Table  4  shows  the  arrangement  of  this  series  with  the  results  of  the  deter- 
minations of  available  phosphorus. 

TABLE  4 

Determinatidns  of  available  phosphorus  when  different  amounts  of  rock  phosphate  and  sulfur  were 

used  with  horse  manure 


TRBAliaNT 

Manure 

FloaU 

How  added 

At  the  begtnning 

After  3  weeks 

After6weeki 

gm. 

gm. 

mgm. 

mgm. 

mgm. 

25 

1 

Mixed 

188.0 

170.7 

190.3 

25 

1 

Layered 

188.0 

170.3 

179.5 

25 

2 

Mixed 

286.1 

271.4 

292.7 

25 

2 

Layered 

286.1 

264.1 

278.5 

25 

3 

Mixed 

337.2 

360.5 

389.8 

25 

3 

Layered 

337.2 

329.7 

352.5 

Considering  the  results  in  this  table,  it  is  apparent  that  the  extraction  made 
before  fermentation  showed  nothing  of  consequence,  except  that  the  amount 
of  phosphorus  extracted  was  inversely  proportional  to  the  amount  of  floats 
added,  per  gram  of  the  floats  used.  For  instance,  where  1  gm.  of  floats  was 
added  to  the  manuie,  there  were  extracted  188.0  mgm.  of  phosphorus.  One 
additional  gram  of  floats  gave  an  increase  of  98.1  mgm  of  phosphorus.  The 
next  additional  gram  of  floats  gave  an  increase  of  only  51.1  mgm.  of  phosphorus. 
Three  weeks  of  fermentation  resulted  in  a  decrease  in  phosphorus-availability 
in  every  case,  except  where  3  gm.  of  the  floats  were  mixed  with  the  manure. 
At  this  time,  the  advantage  of  mixing  as  compared  with  layering  was  quite 
evident,  particularly  where  the  larger  amounts  of  rock  phosphate  were  added. 
The  depressions  noted  were  not  entirely  overcome  at  the  end  of  6  weeks. 
Only  where  1  and  2  gm.  of  floats  were  layered  with  the  manure  did  this 
depression  remain  at  the  last  sampling.  Evidently,  small  amounts  of  phos- 
phate mixed  with  manure  and  sulfur  are  not  rendered  available  as  rapidly 
as  the  larger  amoimts.  The  ratio  of  3  gm.  to  25  gm.  of  dry  manure  seems  to 
be  the  smallest  proportion  which  allows  the  sulfur  to  increase  the  production 
of  available  phosphorus. 

The  final  sampling  showed  a  very  noticeable  gain  in  availability  where  the 
additions  were  intimately  mixed,  as  compared  with  the  pots  in  which  the 
additions  were  layered.    In  every  case,  the  results  of  the  experiment  show 
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lather  distinctly  the  advantage  of  thoroughly  mixing  over  layering  when  sulfur 
and  floats  are  composted  with  horse  manure.  There  is  evidently  also  the 
need  of  tests  to  show  the  proportion  of  phosphorus  and  sulfur  which  should 
be  mixed  with  manure. 

CONCLUSIONS 

The  results  of  these  experiments  would  seem  to  justify  the  following 
conclusions. 

1.  All  of  the  manures  and  the  loam  tested  contained  efficient  sulfofying 
organisms.  The  variations  in  the  efficiency  of  the  organisms  in  the  manures 
and  in  the  soil  were  too  slight  to  be  distinctive. 

2.  A  depression  in  phosphorus-availability  followed  the  fermenting  of  the 
untreated  horse  manure  and  cow  manure,  but  in  the  compost  a  slight  increase 
occurred. 

3.  The  addition  of  sulfur  to  the  manures  resulted  in  greater  solubility  of  the 
phosphorus  than  was  found  in  the  untreated  manures. 

4.  Composting  floats  with  maniure  not  only  resulted  in  no  increased  avail- 
ability of  the  phosphorus  but  in  every  case  caused  a  noticeable  depression 
which  was  not  overcome  at  the  end  of  15  weeks'  fermentation. 

5.  Composting  floats  with  manure  and  sulfur  caiised  a  remarkable  increase 
in  the  production  of  available  phosphorus  which  became  greater  with  longer 
continued  fermentation  up  to  IS  weeks.  This  increase  was  greater  where  the 
sulfur  and  floats  were  intimately  mixed  with  the  manure  than  where  they  were 
added  to  the  manure  in  layers. 

6.  Experiments  are  necessary  to  ascertain  the  best  amount  of  phosphate 
to  mix  with  sulfur  and  manure  to  secure  the  highest  percentage  of  availability. 

7.  Further  tests  of  this  method  of  producing  available  phosphorus  may  prove 
it  to  be  of  considerable  practical  value. 
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A  deficiency  of  nitrogen  in  the  soil  so  often  becomes  a  limiting  factor  in  crop 
production  that  any  investigation  which  has  as  its  object  a  determination  of 
the  cause  of  losses,  or  methods  of  increasing  the  supply,  of  this  element,  is  of 
prime  importance. 

It  is  already  well  known  that  under  continuous  cropping  nitrogen  does 
disappear  rapidly  from  cultivated  soils,  and  that  frequently  the  supply  is. not 
maintained  even  when  fair  amounts  of  nitrogenous  fertilizers  are  appUed 
annually  (6).  That  the  amoimt  removed  in  the  crop  does  not  accoimt  for- 
the  total  loss  is  likewise  well  known,  but  beyond  the  fact  that  a  part  of  it  is 
foimd  in  the  drainage  waters  as  nitrates,  the  information  is  not  very  definite. 

In  this  connection  Snyder  (14)  discussing  the  effect  of  the  continuous  grow- 
ing of  wheat  on  the  same  land  for  a  period  of  years  sa3rs: 

When  wheat  was  grown  continuously  upon  the  same  soil  for  eight  years,  there  was  a  loss 
of  1700  pounds  per  acre  of  nitrogen,  about  300  pounds  being  utilized  as  plant-food  and  1400 
pounds  lost  by  the  decay  of  the  animal  and  vegetable  matter  of  the  soil  and  the  liberation 
of  the  nitrogen  as  gaseous  and  soluble  compounds.  During  the  eight  years  of  continuous 
wheat  cultivation  there  was  a  loss  of  over  21  per  cent  of  the  total  nitrogen  of  the  soil,  equiva- 
lent to  an  annual  loss  of  175  pounds  per  acre  in  addition  to  that  used  as  plant-food. 

He  f oimd  about  the  same  loss  when  oats  and  barley  were  grown  continu- 
ously.   The  same  author  in  a  later  publication  says:  (15) 

\ 
The  loss  of  nitrogen  from  four  grain  farms  in  ten  years  amounted  to  three  to  five  times 
more  than  was  removed  by  the  crops.  This  loss  was  due  to  the  rapid  decay  of  the  humus 
and  the  liberation  of  the  nitrogen,  which  forms  an  essential  part  of  the  humus.  When  clover 
was  grown,  crops  rotated,  live  stock  kept  and  farm  manure  used,  an  equilibriimi  as  to  the 
nitrogen  content  of  the  soil  was  maintained|  the  mineral  plant-food  was  kept  in  the  most 
available  condition  and  maTrimum  yields  were  secured. 

Alway,  who  has  made  an  exhaustive  study  of  the  loess  soils  of  Nebraska, 
says  (1):  ''Anal3^ses  show  a  great  loss  of  nitrogen,  humus  and  unhumified 
organic  ntiatter  in  the  case  of  all  fields  long  under  jcultivation."  In  their 
virgin  condition  he  finds  these  soils  rich  in  the  constituents  mentioned. 

Under  a  consideration  of  the  nitrogen  problem  Russell  (11)  sa3rs: 
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No  element  of  plant-food  b  so  liable  to  waste  as  nitrogen.  If  a  fanner  appGes  potash  or 
phosphoric  acid  to  his  land  he  may  reasonably  expect  to  get  most  of  it  back  again,  but  when 
he  applies  nitrogen  he  is  almost  certain  to  lose  a  good  proportion  of  it  The  sound  practice 
is  therefore  to  keep  the  nitrogen  circulating,  to  crop  it  out  and  replace  it,  rather  than  to  aim 
at  leaving  it  in  the  soil. 

Shutt  (13)  calls  attention  to  the  unusually  high  nitrogen  content  of  some  of 
the  soils  of  Manitoba  and  Saskatchewan  (0.2  per  cent  to  1.00  per  cent)  but 
points  to  the  fact  that  the  system  of  grain  growing  now  in  practice  on  some 
of  the  lands  results  in  a  large  loss  of  nitrogen  annually. 

On  the  other  hand,  it  has  been  claimed  that  land  allowed  to  run  wild  in- 
creases in  fertility.  In  this  connection  Hall  (4)  calls  attention  to  the  fact  that 
a  piece  of  land  at  Rothamsted  which  was  allowed  to  nm  wild  contained,  at 
the  end  of  20  years,  2200  pounds  more  of  nitrogen  than  it  contained  at  the 
beginning  of  the  period.  This  means  an  increase  of  more  than  100  pounds  per 
acre  annually.  Hall  thinks  this  increase  may  be  due  to  symbiotic  and  non- 
symbiotic  fixation,  absorption  of  ammonia,  rise  of  nitrates  from  the  lower 
subsoil,  and  nitrogen  compoimds  brought  down  in  rain  water. 

Another  (2)  writer  claims  that  plants  derive  much  more  plant-food  from 
soils  than  chemical  analysis  accoimts  for.    He  says: 

A  large  amount  of  incidental  plant-food,  is  evidently  conveyed  by  rain  water.  It  ap> 
pears  probable  also  that  the  fertility,  given  by  the  deposited  excreta  of  small  animals,  birds, 
insects  and  worms  and  reptiles,  and  the  decay  of  their  bodies  upon  the  ground  and  also  the 
decay  of  vegetable  matter,  dust  deposited  by  the  wind,  leaves,  flowers  and  seeds  and  branches, 
etc.,  is  largely  in  excess  of  what  has  previously  been  estimated,  and  in  fact  it  is  pf  as  much  im- 
portance as  food  obtained  from  the  reserves  held  by  the  soil  itself.  This  must  be  known  as 
the  incidental  increment  and  must  be  taken  into  full  account  in  all  agricultural  operations. 

Hall  (5)  in  a  later  publication  calls  attention  to  the  fact  that 

with  every  system  of  farming  a  certain  position  of  equilibrium  will  be  reached  (viewed  over 
a  term  of  years  long  enough  to  smooth  out  seasonal  effects)  when  the  natural  recuperative 
agencies  and  the  additions  of  fertilizing  materials  in  the  manure  are  balanced  by  the  removals 
in  crops  and  stock  and  the  inevitable  waste. 

The  higher  the  level  of  production,  the  greater  will  be  the  waste,  and  in  consequence, 
the  addition  of  fertilizer  must  be  doubly  increased  to  maintain  the  balance. 

Schneidewind  (12)  conducted  experiments  which  gave  indication  that 
imder  ordinary  methods  of  intensive  culture  with  liberal  use  of  manure  and 
fertilizers  there  was  a  marked  depletion  of  the  nitrogen  and  potassium  supply 
of  the  soil.  There  was  a  relative  increase  of  the  phosphoric  add  under  such 
a  system.  Perotti  (10)  discussing  gain  of  nitrogen,  considers  bacteria,  molds, 
algae  and  legmnes;  and  under  loss,  volatilization  of  ammonia  and  denitri- 
fication.  Shutt  (13),  by  .analj^ses  of  virgin  and  cultivated  soils,  has  called 
attention  to  the  exhaustion  of  soils  by  continuous  cropping  without  manure 
and  has  shown  by  experiment  that  a  soil  successively  cropped  to  clover  con- 
tinues to  increase  in  nitrogen  imder  this  treatment. 
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.  Moores,  Hampton  and  Hunter  (9)  have  shown  that  land  in  sod  for  a  nmntier 
of  years,  suffered  a  serious  loss  of  mtrogen  during  five  years'  cultivation  with  ^ 
a  double  crop  rotation  of  cowpeas  and  wheat.    In  this  connection  they  say:     ' 

:  •■...-.  '  :         .   \] 

The  fact,  therefore,  that  the  soil  content  of  nitrogen  was  not  even  maintained  where  a 
leguminous  green  crop  equal  to  more  than  a  ton  per  acre  of  thoroughly  cured  hay,  on  the  * 
average,  not  to  mention  Uie  fallen  leaves,  stubble  and  roots,  was  turned  under  eachjrear  is> 
almost  startling  and  shows  the  necessity  of  a  superior  s}rstem  of  management  if  anything  > 
like  high  fertility  of  the  soil  is  to  be  maintained  without  recourse  to  outside  supplies  of  nitrogen, 
such  as  would  be  furnished  by  nitrogenous  fertilizers  and  commercial  feeding  stuffs. 

In  summing  up  their  conclusions  they  say  further:  / 

By  taking  the  nitrogen  removed  by  the  crop  into  consideration,  there  was  found  to  be,  at 
the  end  of  five  years,  (1)  where  the  cowpea  crop  was  turned  under,  a  gain  per  acre  on  the  un-  % 
limed  sections  of  67  pounds,  to  be  accounted  for  in  sources  outside  of  the  8-inch  depth  of , 
plo¥ring,  but  on  the  limed  sections  none;  (2)  where  the  cowpea  crop  was  removed,  a  gain  per  ^ 
acre  of  181  pounds  on  the  unHmed  and  177  pounds  on  the  limed,  to  t>e  accounted  for  as  before. ' 

Swanson  (18)  states  that  the  soils  of  Kansas  ^ow  an  average  decr^se  i^  > 
crop-producing  power  in  spite  of  the  fact  that  farmers  use  good  seed  and 
improved  methods  of  tillage.  Results  based  on  the  analysis  of  cultivated  and 
uncultivated  soils  in  seven  representative  coimties,  show  that  carbon  and 
nitrogen  have  disappeared  from  the  cultivated  to  a  greater  extent  than  from 
the  imcultiyated  soils.  In  round  numbers  they  have  lost  from  one-fifth  to 
two-fifths  of  their  nitrogen  and  from  nearly  one-fourth  to  one-half  of  the  • 
carbon. 

Somerville  (16)  in  making  a  study  of  the  eflFect  of  applications  of  phosphatic  • 
manures  (notably  basic  slag)  took  portions  of  soil  from  treated  and  untreated  • 
plots  that  have  been  under  observation  in  different  sections  of  England  for ' 
the  past  20  to  30  years  and  with  this  soil  conducted  pot  experiments  using : 
oats  as  the  first  crop.  He  reports  notable  increases  in  yield  from  the  treated  • 
soil  over  the  untreated  soil.    He  sajrs:  • 

While  it  would  appear,  that  the  accmnulated  fertility  is  partly  due  to  phosphate  residues^ , 
it  is  certainly  due  in  most  part  to  the  secondary  effects  of  the  phosphates,  of  which  the  ac-  ^ 
cumulating  of  humus,  including  the  accumulation  of  atmospheric  nitrogen,  is  probably  the 
most  important 

'      -'i 

In  a  second  article  (17)  he  attributes  the  accumulated  fertility  largely  to  * 
nitrogen  stored  up  by  leguminous  plants,  but  believes  the  increase  in  ncti-  • 
legim^iinous  humus  is  not  without  influence.  > 

In  an  article  on  the  chemical  composition  of  virgin  and  cropped  Indiana 
soils,  Connor  (3)  says:  • 

In  spite  of  the  fact  that  the  tendency  of  nature  is  to  build  up  and  replenish  the  fertility^ 
of  the  soil,  there  is  no  question  but  that  the  destructive  system  of  cultivation  that  has  been  ^ 
followed  by  the  farmers  of  this  country  has  more  than  counter-balanced  nature's  tendency 
to  upbuild,  and  as  a  consequence  the  soil  has  become  more  or  less  depleted. 

■OIL  saSNCS,  VOL.  IV,  MO.  4 
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In  this  connection  Connor  reports  analyses  of  a  number  of  virgin  and 
cropped  soils,  and  these  analyses,  he  believes,  indicate  certain  changes  in  the 
chemical  composition  of  the  soil  which  sixty  to  eighty  years  of  cropping  have 
brought  about.    He  finds: 

that  although  moat  of  the  soil  ingredients  have  not  changed  enough  to  make  any  great  differ- 
ence in  the  chemical  composition  of  the  virgin  and  cropped  soils,  there  are  some  notable 
exceptions. 

Hie  most  serious  losses  from  the  standpoint  of  soil  fertility  are  those  of  nitrogen,  which 
shows  a  loss  of  28  per  cent,  and  the  organic  matter  which  shows  a  loss  in  the  volatile  matter  of 
26  per  cent  and  in  the  humus  of  47  per  cent.  These  losses  are  without  doubt  the  main  reason 
why  our  cropped  soils  are  no  longer  as  fertile  as  they  formerly  were. 

If  one  may  judge  by  the  references  dted  there  seems  little  room  to  doubt 
that  under  continued  cropping  soils  are  rather  rapidly  depleted  of  their 
nitrogen  and  organic  matter,  and  that  there  may  be  an  actual  loss  of  nitrogen 
and  carbon  even  when  leguminous  crops  are  tumed  under  and  manures  applied. 
With  uncultivated  soils,  on  the  other  hand,  the  losses  are  not  so  great  and  in 
some  instances  there  are  pronoimced  gains. 

EXPESIMENTAL 

One  of  the  objects  of  this  experiment  v^as  to  study  the  change  which  occur 
in  the  vegetation  on  abandoned  land  and  especially  the  effect  of  commercial 
fertilizers  on  the  appearance  or  disappearance  of  certain  spedes  of  plants  on 
such  land*.  The  experiment  also  includes  a  study  of  the  composition  of  the 
soil  on  the  abandoned  land  as  compared  vnth  the  composition  of  soil  from 
adjoining  plots  which  are  under  a  5-year  rotation  of  com,  oats,  wheat  and 
two  years  of  grass  (originally  two  years  of  oats),  and  the  determination  of  the 
percentage  of  applied  nitrogen  that  is  recovered  in  the  crop.  The  soil  is  a 
loam  inclining  to  the  gravelly  phase,  with  a  sandy  loam  subsoil.  Previous 
to  1908  this  land  had  been  neglected  for  a  number  of  years.  The  plots  were 
laid  out  one-twentieth  acre  in  size,  one-half  to  be  imder  cultivation  and  the 
other  half  to  remain  uncultivated.  Beginning  with  the  com  crop  of  1908 
the  plots  received  a  dressing  of  ground  limestone  at  the  rate  of  1  ton  per  acre 
and  beginning  with  the  second  five-year  period  in  the  spring  of  1913  they 
received  a  further  application  of  this  material  at  the  rate  of  2  tons  per  acre. 
The  uncultivated  halves  have  received  the  same  fertilizer  and  lime  treatment 
as  the  cultivated  halves.  The  plots  are  arranged  in  pairs  with  reference  to 
the  fertilizer  treatment  as  indicated  in  the  accompanying  diagram. 

The  nitrogen  is  supplied  in  the  form  of  ground  fish  at  the  rate  of  600  pounds 
per  acre,  the  phosphoric  acid  as  acid  phosphate  at  the  rate  of  600  pounds  per 
acre  and  the  potash  as  muriate  of  potash  at  the  rate  of  300  pounds  per  acie. 
These  materials  have  been  applied  annually  in  accordance  with  the  plan, 
except  for  the  oat  crop  in  1911  when  no  fertilizers  were  applied.  Also,  through 
an  error  the  nitrogen  was  omitted  from  plots  63  and  64  in  1914. 
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Each  year  a  record  is  made  of  the  kinds  of  weeds  and  grasses  found  on  the 
uncultivated  part  of  the  plots,  and  the  number  of  such  plants  recorded  or  the 
area  which  they  cover  measured.  It  is  thus  possible  to  say  whether  certain 
species  are  disappearing  and  others  taking  their  places  under  the  different 
treatments.  In  the  late  summer  the  weeds  and  grass  are  cut  down  on  these 
plots  but  nothing  is  removed. 

It  is  not  the  intention  to  give  in  this  paper  a  detailed  statement  of  the  crop 
yields  on  the  cultivated  section  nor  to  give  a  complete  record  of  the  vegetation 
on  the  uncultivated  section  (the  latter  is  reserved  for  a  later  publication) 
but  rather  to  compare  the  nitrogen  and  carbon  content  of  the  soils  from  the 
two  sections,  and,  taking  into  consideration  the  nitrogen  removed  by  the 
crops  on  the  cultivated  sections,  determine  whether  the  net  result  with  ref- 
erence to  this  element  has  been  loss  or  gain.  No  accoimt  has  been  taken  of 
the  carbon  in  the  crop  so  that  a  comparison  so  far  as  this  element  is  con- 
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cemed  is  with  reference  to  the  amount  in  the  soil  of  the  two  sections,  cultivated 
and  imcultivated. 

Unfortunately  no  samples  were  collected  from  these  plots  when  the  work 
was  begun. 

Table  1  gives  the  results  of  nitrogen  and  carbon  determinations  made  on 
samples  taken  from  the  cultivated  and  uncultivated  sections  of  plots  57  to  64 
in  1913  and  also  in  1916.  In  taking  the  samples  6  borings,  to  a  depth  of  6f 
inches,  were  made  with  a  tube  cutting  a  core  about  2  inches  in  diameter,  and 
these  cores  were  made  into  one  sample,  dried,  passed  through  a  3-mm.  sieve 
to  remove  coarse  material  and  finally  ground  to  pass  a  0.5  mm.  sieve. 

Nitrogen  determinations  were  made  by  the  Kjeldahl-Guiming  method,  five 
or  six  determinations  being  made  on  each  sample. 

A  study  of  this  table  brings  out  the  fact  that  without  exception  both  nitrogen 
and  carbon  are  now  higher  in  the  uncultivated  sections  than  in  the  cultivated. 
The  average  difference  in  nitrogen  content  between  the  two  sections  for  the 
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nitrogen-tieated  plots,  was  0.02  per  cent  in  1913,  and  0.0234  per  cent  in  1916, 
the  former  being  equivalent  to  400  pounds  of  nitrogen  per  acre  6f  incbes  (2,000- 
000  pounds  of  soil)  and  the  latter  equivalent  to  468  pounds.  The  average 
difference  between  the  cultivated  and  uncultivated  sections  of  plots  57  and  58, 
the  plots  that  receive  no  nitrogen,  was  in  1913,  0.0123  per  cent,  which  makes 
a  difference  in  favor  of  the  uncultivated  section  of  226  pounds  of  nitrogen  per 
acre,  whereas  the  difference  in  1916  was  0.0258  per  cent  or  516  pounds  per  acre. 


f 

TABLE  1 
NUrogen  and  carbon  in  soil,  1913  and  1916 

TOTAL  MTIftOGBN 

T0TiU.CAlBOM 

1913 

1916 

1913 

1916 

Cultivated 

Unculd- 
vated 

Cultivated 

Unculti- 
vated 

Cultivated 

Unculti- 
vated 

Cutivated 

Unculti- 
vated 

5/f 

58 

P»  C0Ht 

0.0913 
0.0787 

0.1054 
0.0891 

percma 
0.0749 
0.0715 

percent 
0.1003 
0.0977 

percent 
1.028 
0.995 

percent 
1.320 
1.130 

percent 
1.003 
0.995 

per  cad 
1.275 
1.269 

Average 

59 
60 
61 
62 
63 
64 

0.0850 

0,0809 
0.0913. 
0.0795 
0.0874 
0.0806 
0.0876 

0.0973 

0.0949 
0.1034 
0.1041 
0.1106 
0.1053 
0.1108 

0.0732 

0.0802 
0.0824 
0.0841 
0.0773 
0.0802 
0.0856 

0.0990 

0.0985 
0.1063 
0.0981 
0.1134 
0.1067 
0.1072 

1.012 

1.047 
1.142 
0.972 
1.022 
1.028 
1.042 

1.225 

1.265 
1.279 
1.245 
1.459 
1.281 
1.364 

0.999 

1.048 
1.086 
0.960 
0.999 
1.017 
1.106 

1.272 

1.300 
1.311 
1.231 
1.533 
1.440 
1.228 

Average 

0.0846 

0.1049 

0.0816 

0.1050 

1.042 

1.316 

1.036 

1.341 

This  accords  well  with  the  view  that  liberal  applications  of  the  minerals 
favor  the  appearance  of  volunteer  leguminous  plants  on  abandoned  land  and 
also  the  fixation  of  atmospheric  nitrogen  by  noA-symbiotic  bacteria,  and  no 
doubt  accoimts  for  the  fact  that  on  the  uncultivated  sections  of  these  plots 
the  nitrogen  supply  is  fairly  well  maintained.  On  the  other  hand,  the  culti- 
vated sections  are  gradually  being  depleted  of  their  supply  of  nitrogen,  the 
volunteer  leguminous  plants  not  being  permitted  to  come  in  to  restore  the 
losses. 

Taking  an  average  of  all  the  nitrogen-treated  plots,  the  cultivated  portions 
show  slightly  less  nitrogen  in  1916  than  in  1913,  in  spite  of  the  fact  that  they 
have  received  fair  annual  applications  of  nitrogenous  fertilizers.  For  the 
uncultivated  sections  the  average  is  essentially  the  same  in  1916  as  in  1913,  that 
is,  the  gain  during  the  three  years  has  not  been  sufficient  to  make  an  appreci- 
able difference  in  the  analyses.  It  is  evident  that  the  total  carbon  is  being 
gradually  decreased  on  the  cultivated  sections.  This  is  shown  by  an  average 
percentage  of  1.042  in  1913  and  1.036  in  1916.    It  is  further  emphasized, 
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however,  by  the  fact  that  determinations  made  on  samples  collected  in  1909 
from  nearby  plots,  .where  the  soil  is  the  same  as  the  soil  of  the  plots  under 
consideration,  show  1.21  per  cent  of  total  carbon  (6).  From  this  it  would 
appear  that  the  cultivated  plots  have  lost  nearly  0.2  per  cent  of  carbon  during 
the  period  1909  to  1916.    On  the  other  hand,  the  carbon  is  undoubtedly 

TABLE  2 
Yields  of  nilrogen  in  a  five-year  roiationy  1908  to  1916  inclusise 
(Calculated  on  the  acre  basis) 


S 

M 


ill 


do!  pq 

a-0 


57 
58 


52.76 
45.60 


19.44 
17.28 


25.48 
28.12 


17.80 
18.16 


5.64121 
2.16111 


30.44 
28.64 


14.76 
12. 


1419 


18.60 
.20 


18.55 
17.49 


82.35 
77.47 


203.47 
188.79 


Average. 

59 
60 


116.22 


74.40 
76.40 


28.48 
33.52 


55.88 


47.80  21.20 


33.16 


5.28 
6.76 


177. 
205 


1650.4423.04 
36.42 


72 


53.68 


30.00 
37 


23.71 
.83 


4424 


79.91 

127.19 
152,37 


196.13 

304.35 
358.09 


Average 

Average  increase  over  check. 


61 
62 


90.28 
41.12* 


31.20 
33.76 


52.12 
46.72 


34.52 
30.00 


7.12 
6.44 


191 
75, 

215 
158 


139.78 
59.87 


331.22 
135.09 


36.88 
51.40 


23.42 
25.92 


38.52 
32.38 


28.42 
27.14 


127. 
136.84 


24342 


48 
294.88 


Average 

Average  increase  over  check. 


63 
64 


77.04 
74.36 


30 

28.88 


2451 


92 
53.44 


33.84 
36.12 


7.00 
9.84 


186. 
70. 

200. 
202. 


132. 
52.13 


041318.68 
122.55 


4022 


58. 
54.64 


48 
21.22 


29.72 
35.42 


29.01 
26.26 


139.61 
137.54 


339.65 
340.18 


Average 

Average  increase  over  check. 


201. 

85. 


138.58 
58.67 


339.92 
143.79 


General 
Average. . . 


72.27 


31.01 


51.31 


31.47 


7.07 


193.14 


50.91 


25.41 


33.91 


24.90 


136.80 


329.94 


Average  increase  over  check. 


76.92 


56.89 


133..  81 


•  Very  low  yield  of  stalks  for  some  reason. 

increasing  in  the  uncultivated  plots,  as  is  shown  by  an  average  of  1.316  per 
cent  in  1913  and  an  average  of  1.341  per  cent  in  1916,  and  by  the  further  fact, 
already  mentioned,  that  the  samples  collected  in  1909  from  nearby  plots  show 
only  1.21  per  cent  of  carbon.  Thus  it  would  appear  that  diuring  the  period 
1909  to  1916  the  carbon  content  of  the  uncultivated  soils  has  increased  by 
about  0.13  per  cent,  which  would  be  equivalent  to  slightly  more  than  li  tons 
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of  carbon  per  acre  6}  inches.  This  is  as  one  might  expect,  since  each  year 
there  has  been  a  fair  growth  of  weeds  and  grasses  on  these  plots  and  nothing 
has  been  removed. 

Table  2  shows  the  amount  of  nitrogen  removed  by  the  crops  on  the  culti- 
vated portion  of  the  plots  for  the  years  1908  to  1916  inclusive,  and  the  average 
amount  ior  each  crop  on  the  eight  plots.  It  will  be  observed  that  the  com 
crop  of  1908  yielded  the  largest  amount  of  nitrogen.  This  is  followed  by  the 
com  crop  of  1913  and  the  wheat  crop  of  1910,  both  of  which  furnished  approxi- 
mately 20  pounds  less  of  nitrogen  than  the  com  crop  of  1908.  The  lowest 
3deld  was  with  the  timothy  of  1912.  This  is  accounted  for  in  part  at  least 
by  the  small  crc^  of  that  year.  With  only  two  exceptions  there  was  less 
nitrogen  recovered  from  plots  57  and  58 — ^the  two  that  receive  no  nitrogpn— 
than  from  those  that  receive  an  annual  application  of  nitrogen.  The  average 
yield  from  plots  57  and  58  may  be  taken  as  the  check,  and  if  this  is  deducted 
from  the  average  yields  from  the  plots  that  receive  nitrogenous  fertilizers, 
the  remainder  may  be  taken  as  the  amount  of  the  applied  nitrogen  that  was 
recovered  in  the  crop.  The  nitrogen-treated  plots  have  received  the  dried 
fish  at  the  rate  of  600  pounds  per  acre,  but  on  account  of  the  omission  in 
1911  the  total  for  the  five  years  was  2^^  poimds  instead  of  3000  pounds. 
This,  on  the  basis  of  8  per  cent  nitrogen  for  the  fiish,  would  mean  a  total  of 
192  pounds  of  nitrogen  per  acre  for  the  first  five  years  and  also  192  pounds  for 
the  last  four  years,  excepting  plots  63  and  64  which,  on  account  of  the  omis- 
sion in  1914,  received  only  144  pounds,  thus  making  the  average  for  the  four 
years  176  pounds  instead  of  192  pounds.  This  gives  a  total  for  the  nine  years 
of  368  pounds. 

These  figures  divided  into  the  increase  over  the  check  for  the  respective 
periods,  with  the  proper  pointing  ofiF,  give  the  percentages  of  nitrogen  recovered 
in  the  crop. 

The  results  calculated  for  the  different  treatments  are  as  follows: 


PLOTS 

SaCOiND  POtZOD,  WOUR  VXAIS 

59.60 
61.62 
63.64 

39.18 
36.67 
44.33 

31.18 
27.15 
40.74 

Average 

40.06 

33  02 

Stated  in  another  way  the  average  increase  over  the  check  is,  for  the  nine 
years,  133.81  poimds  of  nitrogen  per  acre  (bottom  figure  in  last  column  of 
table  2)  and  the  total  amount  of  nitrogen  applied  per  acre  during  that  time 
was  368  pounds.  From  these  figures  it  is  found  that  there  was  an  average 
annual  recovery  for  the  nine  years  of  36.36  per  cent  of  the  applied  nitrogen; 
that  is,  a  recovery  of  only  a  little  more  than  one-third.  The  highest  averagp 
recovery  for  9  years  is  from  plots  63  and  64  which  receive  the  complete  fer- 
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tilizer,  and  the  next  highest  from  lots  59  and  60  which  receive  nitrogen  and 
potash. 

The  average  recovery  for  the  first  period  is  a  little  higher  than  for  the 
second  period.  These  figures  correspond  quite  closely  with  recoveries  ob- 
tained from  dried  blood  in  cylinder  experiments  previously  reported  (7) 
and  also  for  the  most  part  with  recoveries  fronf  fish  scrap  used  in  field  experi- 
ments (6)  where  the  rotation  was  the  same  as  the  one  here  considered.  Slightly 
higher  recoveries  were  obtained  where  fish  was  used  as  a  source  of  nitrogen 
in  pot  experiments  (8).  The  average  total  recovery  from  plots  59  to  64 
for  the  nine  years  is  329.94  pounds  (acre  basis)  while  the  total  amount  applied 
to  each  plot  during  the  same  period  was  368  poimds  if  8  per  cent  is  taken  as 
the  analysis  of  the  fish.  During  this  period  the  crops  on  plots  57  and  58, 
without  commercial  nitrogen,  were  able  to  take  from  the  soil  an  average  of 
nearly  200  pounds  of  nitrogen  per  acre. 

From  the  results  it  seems  quite  clear  that  nitrogen  is  the  limiting  factor  in 
crop  production  on  this  soil,  otherwise  plot  60,  where  no  potash  has  been 
applied,  and  plot  61,  where  no  phosphoric  acid  has  been  applied,  would  hardly 
have  given  yields  of  nitrogen  in  excess  of  plots  63  and  64  where  all  three  con- 
stituents were  used.  It  is  true  that  the  averages  for  59  and  60  and  for  61  and 
62  are  not  quite  as  high  as  the  average  for  63  and  64,  but  the  difference  is  so 
small  that  one  could  hardly  say  that  the  yield  was  limited  by  a  lack  of  potash 
in  the  one  case  or  of  phosphoric  acid  in  the  other. 

That  nearly  two-thirds  of  the  applied  nitrogen  should  be  unaccounted  for 
is  discouraging  and  does  not  plead  very  strongly  for  the  use  of  commercial 
nitrogenous  materials  of  an  organic  nature,  if  those  of  mineral  origin  are 
available. 

SUMMARY 

It  is  here  pointed  out  that  the  average  nitrogen  content  of  land  which  was 
allowed  to  run  wild  from  1908  to  1916,  and  which  during  that  period  received 
annual  applications  of  dried  fish  amounting  to  600  pounds  per  acre,  was  es- 
sentially the  same  in  1916  as  in  1913.  (No  samples  were  collected  previous 
to  1913.) 

The  carbon  content  of  this  same  land  was  increased  slightly  during  the 
period  1913  to  1916. 

The  average  nitrogen  content  of  adjoining  cultivated  plots,  imder  a  5-year 
rotation,  was  0.02  per  cent  less  in  1913,  and  0.023  per  cent  less  in  1916,  than 
the  nitrogen  content  of  the  corresponding  plots  that  were  allowed  to  run  wild. 

The  average  nitrogen  content  of  the  cultivated  plots  was  slightly  less  in 
1916  than  in  1913. 

The  average  carbon  content  of  the  cultivated  plots  was  approximately  0.27 
per  cent  less  in  1913  and  0.30  per  cent  less  in  1916  than  the  average  carbon 
content  of  the  corresponding  plots  allowed  to  nm  wild. 
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l)_Xh€  average  carbon  coiUeiit  of  the  cultivated  sdls  was  slightly  les&in  1916 

than  1913. 

.^  The  two  cultivated  plots  which  received  no  nitrogen  (the  check  plots) 

>rielded,  in  the  crops  from  these  plots,  an  average  total  of  196.13  pounds  of 

nitrogen  for  the  nine  years.      . 

.    The  six  nitrogen-treated  pl<9ts  yielded,  du];ing  the  same  period,  an  average 

total  of  329.94  pounds  of  nitrogen  in  the  crops  from  these  plots. 

There  was  recovered  from  the  six  nitrogen-tieated  plots  for  the  nine-year 
period,  an  average  of  36.36  per  cent  of  the  nitrogen  that  was  applied. 

The  percentage  of  nitrogen  and  carbon  in  the  cultivated  soils  is  decreasing, 
leven  where  dried  fish  is  applied  at  the  rate  of  600  pounds  per  acre  annually. 

The  percentage  of  nitrogen  in  the  soils  allowed  to  run  wild,  and  which  have 
received  annual  applications  of  nitrogen,  appears  to  run  about  constant,  but 
the  percentage  of  carbon  is  increasing  slightly. 

r   Much  volunteer  white  clover  is  appearing  on  the  two  plots  which  receive 
minerals  but  no  nitrogen. 
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INTRODUCTION 

Robinson  (10)  has  recently  reported  a  critical  comparison  of  three  methods 
for  the  determination  of  soil  phosphorus,  namely :  fusion  with  alkali  carbonates, 
the  Washington  method,  in  which  the  soil  is  evaporated  to  dryness  with 
hydrofluoric  acid  previous  to  ignition,  and  the  Fischer  method,  which  is  char- 
acterized by  an  ignition  between  two  evaporations  with  aqua  regia.  He 
concluded  that  all  three  of  these  give  accurate  results,  provided  that  the  first 
two  be  modified  so  as  to  get  rid  of  the  organic  matter  without  an  accompany- 
ing loss  of  phosphorus.  He  implies  that  the  failure  to  recover  the  full  amount 
of  phosphorus  from  soils  by  the  Washington  method  is  due  to  the  volatiliza- 
tion of  a  part  of  it  during  ignition,  which  he  states  may  be  avoided  by  pre- 
viously evaporating  the  samples  with  nitric  add,  in  order  to  dissolve  "enough 
bases  to  hold  the  phosphoric  acid  during  the  ignition,"  and  then  carrying  out 
the  latter  operation  "in  such  a  manner  that  there  is  no  glowing."  Using  a 
soil  containing  0.04  per  cent  of  phosphoric  acid  and  0.29  per  cent  of  organic 
matter  he  added  a  known  amount  of  phosphoric  add  and  0.5  gm.  of  sugar, 
hastily  ignited  the  mixture  to  glowing  and  found  "an  apparent  loss  of  from 
30  to  11  per  cent  of  the  phosphorus  present." 

In  the  fusion  method,  preceded,  in  the  case  of  soils  high  in  organic  matter, 
by  evaporation  with  magnesium  nitrate  solution  or  with  nitric  acid  and  sub- 
sequent ignition,  he  mentions  (10,  p.  149)  that  there  is  "one  inherent  error 
as  previously  pointed  out,  i.e.,  the  solubility  of  small  amounts  of  ammonium 
phosphomolybdate  in  aqueous  solutions  of  sodium  nitrate"  and  that  this 
difficulty  can  be  overcome  by  precipitating  the  sesquioxides,  which  carry 
down  with  them  the  phosphoric  add,  redissolving  these,  and  again  predp- 
itating  the  phosphorus  as  ammonium  phosphomolybdate. 

The  work  of  the  author  reported  in  this  paper  does  not  confirm  the  state- 
ment of  Robinson  (10,  p.  148,  foot-note  5)  regarding  the  liability  of  serious 
loss  of  ammonium  phosphomolybdate  in  the  course  of  the  ordinary  deter- 

*  Published  with  the  approval  of  the  Director  as  Paper  No.  73,  of  the  Journal  Series  of 
the  Minnesota  Agricultural  Experiment  Station. 
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mination  by  fusion  with  alkali  carbonate.  Cain  and  Hostetter^  (2,  p.  251) 
in  reporting,  the  solubility  of  the  yellow  ammonium  phosphomolybdate  in 
the  presence  of  vanadium  salts  did  not  include  sodium  nitrate  in  the  list  of 
reagents  tested.  They  found  anunonium  phosphomolydbate,  even  in  the 
presence  of  vanadium  salts,  to  be  far  less  soluble  in  solutions  of  nitrates  than 
in  neutral  ammonium  molybdate.  Gortner  and  Shaw  (4)  have  shown  that 
vanadium,  in  the  amounts  ordinarily  present  in  the  soil,  does  not  interfere 
with  the  determination  of  the  soil  phosphorus. 

In  the  Fischer  (3)  method  the  author  finds  there  is  liable  to  be  a  large 
amoimt  of  phosphoric  acid  left  in  the  insoluble  residue,  thus  making  the 
method  appear  as  unsuitable  for  the  determination  of  total  phosphoric  acid 
as  the  methods  by  extraction  with  strong  nitric  or  hydrochloric  acid. 

Applying  the  ordinary  Washington  (11,  p.  162)  method  to  soils  the  author 
finds  that  it  is  liable  to  give  results  much  too  low,  but  that  this  is  not  due 
to  volatilization  of  phosphoric  acid  during  ignition  and  is  not  lessened  by 
previous  evaporation  with  either  magnesium  nitrate  solution  or  nitric  add, 
while  the  elimination  of  the  organic  matter  by  ignition  without.glowing,  as 
proposed  by  Robinson  (10,  p.  149)  is  not  feasible,  especially  in  the  case  of 
soils  high  in  organic  matter. 

EXPERIMENTAL 

SoUs  used 

Four  samples,  two  of  mineral  soil  and  two  of  peat  (table  1),  were  used  in 
this  study.  Both  of  the  first  two.  A,  a  Carrington  silt  loam  and  B,  a  Fargo 
silt  loam,  from  Rice  County,  Minnesota,  were  rich  in  organic  matter,  while 
A  contained  a  much  larger  proportion  of  coarse  particles  and  accordingly 
was  apt  to  carry  a  larger  proportion  of  its  phosphoric  acid  as  apatite  inclu- 
sions in  quartz  grains.  Of  the  two  peat  soils,  C  was  low  in  lime,  while  the 
other,  D,  carried  a  moderate  amount.  Both  contained  about  90  per  cent  of 
organic  matter. 

All  the  samples  were  ground  in  an  agate  mortar  so  as  to  pass  a  silk  bolting 
cloth  of  0.25  mm.  mesh.  Blank  determinations  on  the  reagents,  made  par- 
allel with  those  on  the  soils,  were  exposed  to  exacctly  the  same  chances  of 
contamination  from  outside  sources  as  the  latter.  In  all  cases  the  amounts 
found  in  the  blanks  have  been  deducted  from  the  percentages  reported. 

*  Robinson  suggests  that  the  reason  Fischer  found  slightly  higher  quantities  of  phosphoric 
acid  by  his  method  than  by  the  fusion  method  is  "probably  due  to  the  difficulty  of  precip- 
itating small  amounts  of  ammonium  phosphomolybdate  in  the  presence  of  much  NaNOi 
in  the  fusion  method,  since  Cain  and  Hostetter  (Jour.  Soc.  Chem.  Indus.,  4  (1912),  250)  have 
shown  that  aqueous  solutions  of  NaNOi  have  a  strong  solvent  effect  on  the  phosphomolyb- 
date when  vanadium  is  present."  The  reference  proved  to  be  other  than  the  one  cited, 
doubtless  Jour.  Indus.  Engin.  Chem.,  4  (1912),  250,  but,  in  this  article,  Cain  and  Hostette^ 
do  not  report  data  to  corroborate  the  above  statement. 
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TABLE  1 
ComposUion  of  soUs  used 


SOIL 

MON-VaLATILB 

CaO 

MtnOGBN 

OlfiAMlC  CASBON 

feruiU 

pereemt 

^tetU 

perc§ni 

percent 

A 

12.11 

87.89 

0.384 

5.38 

B 

21.10 

78.90 

0.836 

9.95 

c. ..;... 

90.59 

9.41 

0.63 

2.00 

48.95 

D 

89.06 

10.94 

1.86 

2.47 

48.47 

Fusion  method 

Soils  A  and  B  were  analyzed  by  fusion  with  sodium  carbonate,  after  igni- 
tion alone  as  well  as  after  previous  evaporation  with  magnesium  nitrate. 
In  the  case  of  the  former  treatment  the  phosphoric  acid  was  determined  both 

TABLE  2 
Phosphoric  acid  as  found  by  the  different  modifications  of  the  fusion  method 


DRSBldNAIION 


INNITUCACID 
BXriACT 


XNHLTKATEROIC 
YKLLOW  FUCmTATE 


IN  SEPARATED 
6IUCA 


TOTAL  AMOUNT 


i.  Fusion  without  evaporation  with  magnesium  nitrate:  Sesquioxides  not  precipitated 


1 
2 
Average. 

1 
2 
Average. 


percetU 
0.236 
0.236 
0.236 

0.319 
0.325 
0.322 


percerU 

0 
0 
0 

0 
0 
0 


per  cent 

0.013 
0.006 
0.009 

0.019 
0.006 
0.012 


percetU 
0.249 
0.242 
0.245 

0.338 
0.331 
0.334 


2.  Fusion  without  evaporation  with  magnesium  nitrate:  SesquioMes  precipitated 


1 
2 
Average. 

1 

2 

Average. 


0.242 
0.248 
0.245 

0.325 
0.331 
0.328 


0.000 
0.000 
0.000 

0.012 
0.006 
0.009 


0.242 
0.248 
0.245 

0.337 
0.337 
0.337 


3.  Fusion  after  evaporation  with  magnesium  nitrate:  Sesquioxides  not  precipitated 


1 
2 
Average. 

1 
2 
Average. 


0.229 
0.236 
0.233 

0.331 
0.338 
0.334 


0 

0 
0 

0 
0 
0 


0.013 
0.006 
0.009 

0.006 
0.000 
0.003 


0.242 
0.242 
0.242 

0.337 
0.338 
0.337 
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with  and  without  the  precipitation  of  the  sesquiozides.  In  the  case  of  each 
analysis  the  separated  silica  was  evaporated  with  hydrofluoric  add  and  the 
phosphoric  acid  so  obtained  determined  separately.  In  all  the  analyses  the 
fdtrate  from  the  yellow  precipitate  was  rendered  alkaline  with  ammonia, 
the  precipitate  filtered  off,  redissolved  and  the  phosphorus  determined  in  this. 
The  data  are  reported  in  table  2.  The  evaporation  with  magnesium  nitrate 
was  accomplished  by  dissolving  1  gm.  of  the  salt  in  a  few  cubic  centimeters 
of  water  and  pouring  this  over  the  soil,  after  which  it  was  evaporated  to  dry- 
ness and  carefully  ignited. 

It  is  to  be  seen  that  only  a  very  small  amount  of  phosphoric  add  was  found 
in  the  separated  silica  and  no  advantage  was  gained  from  treatment  with 
magnesium  nitrate  previous  to  ignition,  or  by  predpitation  of  the  sesqui- 
oxides  to  eliminate  the  excess  of  sodium  salts. 

Fischer  method 

This,  which  is  a  modification  of  the  methods  by  add  extraction  and  designed 
to  recover  practically  the  whole  of  the  phosphoric  add  in  soils,  is  charac- 
terized by  two  treatments  with  aqua  regia.    It  is  briefly  as  follows: 

Five  to  ten  gm.  of  dry  soil  and  50  cc.  of  aqua  regia  are  digested  on  the  steam  bath  in  a 
covered  silica  dish  until  effervescence,  if  any,  ceases,  after  which  the  watch  glass  is  removed 
and  the  contents  are  evaporated  to  dryness  and  ignited  until  the  residue  turns  brown.  The 
contents  are  again  evaporated  to  dryness  with  50  cc.  of  aqua  regia  and  the  residue  treated  . 
with  concentrated  nitric  acid  and  evaporated  to  dryness  to  the  disappearance  of  the  hydro- 
chloric acid.  ^  The  residue  is  finally  taken  up  with  dilute  nitric  acid,  filtered  and  the  phos- 
phorus determined  in  the  filtrate. 

To  test  the  completeness  of  extraction  by  his  method,  Fischer  (3,  p.  546) 
used  4  soils  var3dng  in  phosphoric  acid  from  0.14  to  0.47  per  cent  and  found 
in  the  residues,  which  were  fused  with  sodium  carbonate,  only  from  0.004 
to  0.009  per  cent,  a  negligible  quantity.  He  makes  no  mention  of  heating 
the  residue  after  evaporation  with  nitric  add  in  order  to  dehydrate  the  silica. 
Without  such  a  heating  filtration  is  very  difficult.  The  author,  in  testing 
this  method,  has,  like  Robinson  (10,  p.  148),  heated  the  mass  until  it  was 
brown  and  then  extracted  it  with  nitric  add.  It  is  much  better  to  heat  the 
dish  by  carefully  turning  it  in  an  open  flame  than  by  using  a  hot  plate  or  sand 
bath,  thereby  avoiding  the  formation  of  compounds  of  iron  and  aluminum 
insoluble  in  nitric  acid. 

Soils  A  and  B  were  analyzed  by  this  method,  thle  residue  being  fused  with 
sodium  carbonate.  In  the  case  of  B  thfe  amount  of  phosphoric  add  remain- 
ing in  the  residue  in  four  determinations  fell  within  the  limits  found  by 
Fischer  and  in  three  others  it  varied  from  0.013  to  0.019  per  cent,  while  in 
each  of  six  determinations  with  A  the  amount  in  the  residue  lay  between  the 
limits  of  0.019  and  0.051  per  cent,  or  from  8  to  20  per  cent  of  the  total  amount 
present,  the  latter  being  far  from  a  negligible  quantity. 
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Suspecting  tfafeit  the  large  amount  of  phosphoric  add  in  the  residues  might 
be  due  to  an  over-heating  after  the  final  evaporation  with  nitric  add,  the 
product  thus  obtained  was  hieated  in  an  air  bath  at  150^C.  for  2  hours,  and  also 
at  llO^'C.  for  1  hbur.    The  data  (table  3,  parts  1  and  2)  show  that  nothing 


TABLE  3 
Phosphoric  acid  as  found  by  Fischer's  method 


TSHmaCAOD 


nrmnumiioif 


TOTAL  AMOUNT 


i.  Dish  heated  over  open  flame 


^cma 

Ptrami 

ptrcmi 

ptrceia 

1 

0.211 

0 

0.025 

0.236 

2 

0.217 

0 

0.019 

0.236 

3 

0.223 

0 

0.025 

0.248 

A 

3 

0.185 

0 

0.051 

0.236 

5 

0.217 

0 

0.025 

0.242 

6 

0.213 

0 

0.038 

0.251 

Average 

0.211 

0 

0.038 

0.241 

1 

0.325 

0 

0.000 

0.325 

2 

0.331 

0 

0.000 

0.331 

3 

0.331 

0 

0.000 

0.331 

B 

4 

0.319 

0 

0.000 

0.325 

5 

0.319 

0 

0.013 

0.332 

6 

0.319 

0 

0.019 

0.338 

7 

0.306 

0 

0.019 

0.325 

Average 

0.321 

0 

0.008 

0.329 

2,  Dish  dried  in  oven  for  2  hours  at  ISO^C. 


• 
B. 


1 

2 

Average. 

1 
2 
Average. 


0.204 
0.217 
0.211 

0.312 
0.306 
0.309 


0 
0 
0 

0 
0 
0 


0.045 
0.019 
0.032 

0.019 
0.032 
0.025 


0.249 
0.236 
0.243 

0.331 
0.338 
0.334 


3.  Dish  dried  in  oven  for  1  hour  at  llO^C. 


A. 
B. 


0.217 
0.306 


0.032 
0.026 


0.249 
0.332 


is  gained  by  heating  at  a  lower  temperature,  while  this  has  the  disadvantage 
of  consuming  more  time.  From  the  above  it  appears  that  while  with  some 
soils  the  method  may  give,  at  least  under  certain  conditions,  satisfactory 
results,  with  others  it  is  likely  to  give  results  much  too  low. 
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Washingkm  method 

The  soils  A  and  B  were  analyzed  by  this  method  (11,  p.  162),  modified  to  the 
extent  that  after  the  second  evaporation  with  nitric  acid  the  residue,  instead 
of  being  heated  until  it  became  brown,  was  ignited  at  a  dull  red  heat.  This 
was  necessary  in  order  to  get  rid  of  the  organic  matter.  The  method  when 
applied  to  rocks,  for  which  it  was  designed,  does  not  need  any  such  modifi- 
cation. The  tesidue  from  the  extraction  with  hydrofluoric  and  nitric  adds 
was  fused,  as  Hillebrand  (7,  p.  144)  suggests,  with  sodium  carbonate,  the  melt 

TABLE  4 
Phosphoric  acid  as  found  by  Washington's  method 


mnmcAOD 

EXISACr 


mnuiLAnERaM 
ysLLOwnt»- 

CIFETATZ 


TOTAL  AMOCnfT 


SoUA 


p§raiu 

ptrc«nt 

pereemt 

pvcmi 

1 

0.197 

0 

0.061 

0.258 

2 

0.191 

0 

0.061 

0.252 

3 

0.191 

0 

0.064 

0.255 

4 

0.197 

0 

0.051 

0.246 

5 

0.178 

0 

0.064 

0.242 

6 

0.191 

0 

0.064 

0.255 

7 

0.185 

0 

0.057 

0.242 

8 

0.191 

0 

0.045 

0.236 

9 

0.191 

0 

0.057 

0.248 

Average /. . . 

0.190 

0 

0.058 

0.248 

;sou  B 


1 

2 
3 
4 
5 
6 
Average. . 


0.045 
0.000 
t).032 
0.025 
0.045 
0.038 
0.031 


0.331 
0.331 
0.338 
0.335 
0.351 
0.331 
0.336 


dissolved  and  the  resulting  solution  evaporated  to  dryness  twice  with  nitric 
add,  the  residue  taken  up  with  nitric  acid  and  the  phosphorus  determined 
in  the  solution. 

The  data  in  table  4  shows  that  an  appreciable  amoimt  of  phosphoric  acid 
remained  in  the  residue  in  14  out  of  IS  determinations,  varying  with  A  from 
2  to  25  per  cent  of  the  total  amount  and  with  B  amounting  to  about  10 
percent. 

The  amoimt  from  the  hydrofluoric  acid  extract  and  the  residue  is,  within 
the  limits  of  experimental  error,  equal  to  that  found  by  the  fusion  (table  2) 
and  modified  Fischer  methods  (table  3).    Accordingly,  the  low  percentages 
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of  phosphorus  that  have  been  found  by  this  method  are  to  be  attributed  not 
to  volatilization  during  ignition  but  to  the  incompleteness  of  the  extraction 
by  nitric  add. 

Both  soils  were  also  analyzed  by  Robinson's  modification  of  the  Washing- 
ton method,  in  which  the  soil  is  evaporated  with  nitric  add  previous  to  igni- 
tion, and  any  glowing  in  the  latter  operation  is  avoided.  From  SO  to  65  per 
cent  was  thus  recovered  (column  4  in  table  5). 

The  residues  were  fused  with  sodium  carbonate  and  otherwise  treated  as 
described  in  the  preceding  paragraph  and  about  20  per  cent  of  the  total  phos- 
phoric acid  in  the  case  of  sample  A  and  from  17  to  38  per  cent  in  that  of  B 
was  obtained  (column  6,  table  S),  leaving  still  a  deficit  of  12  to  20  per  cent 
of  the  total.  Since  the  filtrate  from  the  ammonium  phosphomolybdate  was 
strongly  colored  by  organic  matter  left  behind  by  the  low  temperature  of 
ignition,  it  was  thought  this  might  still  contain  phosphorus.  This  was  di- 
gested with  aqua  regia  on  the  sand  bath  until  the  organic  matter  was  en- 

TABLE  5 
Phosphoric  acid  as  found  by  Robinson* s  modification  of  Washington's  method 


IN  NITRIC  ACID  EXTKACT 

INHLISATE 
FKOIC  YELLOfW 
PKXCIFZrATX 

mUESIDUK 

TOTAL  AMOUNT 

SOIL 

Pint 
ignition 

Second 
ignition 

RBOOVESXD       ' 

percent 

percent 

percent 

percent 

percent 

' 

1 

0.185 

0.147 

0.051 

0.057 

0.255 

A...  i 

2 

0.172 

0.147 

0.051 

0.051 

0.249 

. 

Average 

0.178 

0.147 

0.051 

0.054 

0.252 

1 

0.185 

0.159 

0.045 

0.127 

0.331 

B..,  1 

2 

0.299 

0.217 

0.057 

0.057 

0.331 

Average 

0.242 

0.188 

0.051 

0.092 

0.331 

tirely  destroyed,  after  which  it  was  made  alkaline  with  ammonia,  the  sesqui- 
oxides  filtered  off,  dissolved  in  nitric  acid  and  the  phosphorus  reprecipitated 
with  ammonium  molybdate  and  determined  as  usual.  The  additional  quan- 
tity thus  removed  accounts  for  the  total  amount  (column  5,  table  5),  The 
filtrate  from  the  yellow  precipitate  was  tested  for  phosphorus  for  every 
method  tried  and  the  present  instance  was  the  only  one  in  which  any  was 
foimd. 

Both  the  extract  of  the  ignition  product  with  nitric  acid  and  the  filtrate 
from  the  first  precipitation  of  ammonium  phosphomolybdate  were  colored, 
more  strongly  so  with  B  than  with  A,  while  the  filtrate  from  the  second  pre- 
cipitation of  ammonium  phosphomolybdate,  that  obtained  by  dissolving  the 
precipitated  sesquioxides,  was  colorless.  The  first  of  the  two  yellow  precipi- 
tates was  dark-colored  and  this  when  dissolved  in  ammonia  previous  to  the 
addition  of  magnesium  mixture  yielded  a  solution  which  was  dark-colored, 
resembling  the  ammonia  extract  from  a  soil  low  in  humus  {matitre  noire  of 
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Grandeau).  The  magnesium  ammonium  phosphate  precipitated  from  this 
solution  was  gray  as  though  containing  some  of  the  so-called  magnesium 
humate.  To  decide  whether  magnesium  other  than  that  in  the  magnesium 
ammonium  phosphate  was  contained  in  this  precipitate  the  latter,  after  being 
filtered,  washed,  dried,  ignited  and  weighed,  was  dissolved  in  nitric  add  and 
reprecipitated  with  magnesium  mixture.  The  phosphoric  add  calculated 
from  the  weight  of  the  resulting  magnesium  pyrophosphate  was  much  less 
than  that  first  obtained  (colunms  3  and  4,  table  5). 

The  phosphoric  acid  was  also  determined  on  the  samples  A  and  B  by  this 
modification  of  the  Washington  method  with  the  exception  that  after  the 
first  extractionwith  nitric  add  they  were  ignited  at  a  higher  temperature,  a 
very  dull  red,  and  then  treated  as  Robinson  directs,  and  as  described  above. 
The  data  are  reported  in  table  6. 


TABLE  t 

Phosphoric  acid  as  found  by  Robinson's  modificalion  of  Washington's  method;  Samples 
ignited  to  a  very  dull  red 

DBTBRIONATION 

INNITHICACID  BXTBACT 

IN  innLATB 

nOM  YKLLOW 

PRECIPXTATS 

IK  U8IDDB 

TOTAL  AM  onrr 

800. 

After  first 
ignition 

After  second 
ignition 

per  ceni 

per  cent 

per  cent 

per  cent 

percent 

1 

0.229 

0.185 

0 

0.064 

0.249 

A..  1 

2 

0.212 

0.172 

0 

0.064 

0.236 

. 

Average 

0.220 

0.179 

0 

0.064 

0.243 

1 

0.299 

0.261 

0 

0.083 

0.344 

B...  1 

2 

0.299 

0.274 

0 

Average 

0.299 

0.267 

0 

In  no  case  was  the  organic  matter  entirely  oxidized  by  heating  to  this 
temperature,  although  its  elimination  was  undoubtedly  more  complete  in  the 
portions  of  the  sample  which  were  in  contact  with  the  dish.  In  such  parts 
the  heat  may  have  been  sufficient  not  only  to  oxidize  the  organic  matter,  but 
also  to  produce  undesirable  changes,  while  in  adjacent  parts. the  oxidation 
would  still  be  incomplete.  The  solutions  obtained  by  extracting  the  ignition 
product  with  nitric  acid  were  all  colored,  although  those  from  A  were  cnly 
slightly  so.  The  filtrates  from  the  ammonium  phosphomolybdate  were 
slightly  colored  but  contained  no  phosphoric  acid. 

The  data  in  tables  5  and  6  indicate  that  with  soils  high  in  organic  matter 
the  DMignesium  pyrophosphate  obtained  by  Robinson's  modification  of  Wash- 
ington's method  contains  a  considerable  amount  of  magnesium  oxide.  Fur- 
thermore, a  large  part  of  the  phosphoric  acid  may  not  be  predpitated  by  the 
ammoniimi  molybdate,  probably  due  to  its  presence  in  organic  compounds 
which  in  turn  are  due  to  incomplete  oxidation  at  the  low  temperature  of  igni- 
tion necessary  to  avoid  all  glowing.    Further,  Robinson's  modification  of 
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this  method  doe6  not  appear  in  any  way  to  affect  the  amount  of  phosphorus 
in  the  residue  from  the  hydrofluoric  acid  extraction.  It  is  of  interest  to  note 
that  in  the  case  where  the  samples  were  ignited  to  a  very  dull  red  the  errors 
of  the  method  are  nearly  compensating  (columns  3  and  7,  table  4).  It  would 
also  appear  that  Robinson's  modification  is  far  less  reliable  for  soils  than  Wash- 
ington's origmal  method  modified  simply  to  the  extent  of  igniting  the  soil 
to  dull  redness  after  the  third  evaporation  with  nitric  acid. 

As  it  may  be  suspected  that  the  ignition  at  a  temperature  below  glowing 
was  faulty,  a  brief  description  of  this  operation  as  practised  by  the  author 

TABLE  7 

Phosphor  ic  acid  in  peat  soils  as  found  after  igniiion  both  with  and  without  previous  evaporation 
with  magnesium  nitrate  solution 


DBTEUflNATION 


IN  NmuCAOD 
EXTRACT 


IN  nLTSATS  FROM 

YtUJOIW  prscifitatx 


TOTAL  AMOUNT 
RECOVBRXD 


1.  Without  previous  treatment 


1 
2 
Average. 

1 
2 
Average. 


ptr  cmt 
0.242 
0.242 
0.242 

0.289 
0.283 
0.286 


per  cmtt 
0 
0 
0 

0 
0 
0 


per  ceni 

0.013 
0.013 
0.013 

0.006 
0.013 
0.009 


per  cent 
0.255 
0.255 
0.255 


295 
296 


0.295 


2. 

Evaporated  with 

magnesium  nitrate  solution 

c 

1 
Average 

0.242 
0.229 
0.235 

0 
0 
0 

0.013 
0.013 
0.013 

0.255 
0.242 
0.248 

D H 

1 

2 

3 

Average 

0.293 
0.280 
0.280 
0.291 

0 
0 
0 
0 

0.006 
0.019 
0.000 
0.008 

0.299 
0.299 
0.299 
0.299 

appears  desirable.  The  ignition  was  carried  out  in  a  somewhat  darkened 
part  of  the  room  and,  as  a  further  precaution,  the  dish  was  shaded  with  a 
large  piece  of  cardboard.  Held  by  means  of  a  pair  of  platinum-tipped  tongs 
the  dish  was  turned  round  above  a  Bimsen  flame  burning  at  approximately 
half  its  capacity  so  that  every  part  was  exposed  to  the  heat  As  soon  as  aiiy 
portion  showed  the  faintest  indication  of  reddening  the  dish  was  turned  so  as 
to  allow  the  heat  to  strike  a  cooler  part. 

From  the  above  there  appears  no  good  reason  to  attribute  any  incomplete 
recovery  of  phosphorus  to  loss  by  volatilization  during  ignition.  Additional 
evidence  is  presented  in  table  7  showing  the  amount  of  phosphoric  acid  in 
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two  peat  soils  recovered  both  by  the  ordinary  ignition  to  redness  without 
any  previous  treatment  and  by  a  similar  ignition  after  evaporation  with  mag- 
nesium nitmte  solution.  As  both  samples  carried  90  per  cent  of  organic 
matter  any  loss  of  phosphorus  due  to  lack  of  bases  should  have  been  expected 
in  C  which  carried  so  little  lime  that  unless  previously  treated  with  ground 
limestone  or  some  other  form  of  agricultural  lime  it  has  regularly  proved 
sterile  to  all  ordinary  crops,  except  redtop  {Agrostis  Ma),  In  C  as  well  as 
in  D  no  increase  in  the  amount  of  phosphoric  add  recovered  results  from  the 
treatment  with  magnesiilm  nitrate. 

As  further  evidence  of  this  same  fact  sample  A  was  mixed  with  O.S  gm.  of 
sugar  and  ignited,  not  hastily  but  carefully,  as  in  the  ordinary  determination, 
and  the  phosphoric  acid  determined  by  the  proposed  modification  (see  below) 
of  Washington's  method.  The  data  are  shown  in  table  8.  There  appears 
no  justification  for  a  hasty  ignition  especially  when  there  is  so  great  an 
opportunity  for  mechanical  loss  along  with  the  escape  of  the  water  of 


TABLE  8 
Phosphoric  acid  as  found  in  Sample  A  after  ignition  with  suga* 

son. 

IN  Ninuc  Acm 

BXrtACT 

IKRESIDDX 

TOTAL  AMODHI 

A 

1 

2 

Average 

per  cent 
0.248 
0.248 
0.248 

percent 
0 
0 

0 

percent 

0.006 
0.006 
0.006 

percent 

0.254 
0.254 
0.254 

decomposition  from  the  sugar.  In  case  a  solution  containing  phosphorus 
had  been  added  the  chance  for  loss  in  this  manner  would  have  been  still 
greater. 

Author's  modification  of  Washington  method 

The  author  has  found  that  Washington's  method  may  be  modified  slightly 
so  as  to  provide  for  the  elimination  of  the  organic  matter  of  soils  and  the 
complete  extraction  of  the  phosphorus  by  means  of  hydrofluoric  acid  and 
nitric  acid  without  making  it  less  satisfactory  for  soils  than  it  has  proven 
for  rocks.  The  only  place  where  it  would  not  be  suitable  would  be  where 
platinum  ware  is  not  available. 

The  dried  soil  is,  as  in  the  methods  of  Grandeau  (5,  p.  267)  and  Hilgard 
(6,  p.  20),  ignited  to  dull  redness,  preferably  in  a  muffle,  and  then  treated 
according  to  Washington's  directions  up  to  the  last  evaporation  with  nitric 
acid.  Then  the  residue  in  the  platinum  dish  is  heated  in  an  air  bath  at  1  lO^C. 
for  1  or  2  hours  in  order  to  dehydrate  the  silica,  the  greater  length  of  time 
being  preferable  since  a  more  complete  dehydration  is  obtained  and  filtration 
is  rendered  easier.  It  may  even  be  satisfactorily  heated  over  a  naked  flam* 
of  the  Bunsen  burner,  but  this  is  not  to  be  recommended,  as  there  is  a  much 
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greater  danger  of  overheating  than  by  drying  the  sample  in  an  oven.  Fil- 
tration after  dehydration  of  the  silica  by  the  latter  method,  however,  is  con- 
siderably slower  than  after  dehydration  above  the  direct  flame.  Using  twelve 
samples  dried  in  an  air  bath  for  2  hours  at  llO^C.  the  time  for  filtration  and 
washing  was  determined  and  found  to  be  2  hours. 


TABLE  9 
Phosphoric  acid  as  found  hy  the  author^s  modification  of  Washington's  method 


■OIL 

EXIKACT 

IN  nUSATX  XROM 

INBXSIDUE 

TOTAL  AMOOMT 
UOOVBID 

1. 

Heated  in  an  air  bath  1  hour  at  UCf  C. 

A 

1 

2 

Average 

ptr  ant 
0.242 
0.248 
0.245 

p»  cent 
0 
0 
0 

ptrcmU 
0 
0 
0 

pit  emU 
0.242 
0.248 
0.245 

B 

1 

2 

Average 

0.331 
0.331 
0.331 

0 
0 
0 

0 
0 
0 

0.331     . 

0.331 

0.331 

2,  Heated  1  to  2  hours  in  an  air  hath  at  150*0, 

A 

1 

2 

Average 

0.204 
0.217 
0.211 

0 
0 
0 

0.045 
0.019 
0.032 

0.249 
0.236 
0.243 

B...,. 

1 

2 

Average 

0.312 
0.306 
0.309 

0 
0 
0 

0.019 
0.032 
0.025 

0.331 
0.338 
0.334 

A 

1 

2 

Average 

0.255 
0.217 
0.236 

0 
0 
0 

0.000 
0.025 
0.012 

0.255 
0.242 
0.248 

B 

1 

2 

Average 

0.338 
0.344 
0.341 

0 
0 
0 

0.000 
0.000 
0.000 

0.338 
0.344 
0.341 

The  formation  of  red  oxide  insoluble  in  nitric  acid  is  evidence  of  overheat- 
ing. In  case  such  a  red  oxide  is  formed  a  few  cubic  centimeters  of  nitric  acid 
and  hydrofluoric  acid  are  added  to  the  platinum  dish  containing  the  sample, 
the  contents  evaporated  to  dryness  and  the  evaporation  repeated  twice  with 
nitric  acid  to  decompose  the  fluorides,  after  which  it  is  treated  as  a  new 
sample. 

The  method  as  finally  developed  is  briefly  as  follows: 
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One  gram  of  dry  soil  is  weighed  out  in  a  platinum  dish  of  appropriate  size  and  ignited  in 
the  muffle  to  a  dull  red,  being  maintained  at  this  temperature  a  sufficient  length  of  time 
to  insure  a  complete  oxidation  of  the  organic  matter.  After  cooling,  10  cc^  of  distilled  water, 
10  cc.  of  nitric  acid  and  5  cc.  of  hydrofluoric  acid  are  added,  the  mixture  well  stirred,  and  the 
contents  of  the  dish  evaporated  on  the  steam  bath  until  approximately  5  cc.  remain,  when  an 
additional  5  cc.  of  hydrofluoric  acid  are  added,  the  mixture  again  well  stirred,  and  the  evap- 
oration continued  to  complete  dryness.  Evaporation  with  small  quantities  of  nitric  add  is 
to  be  repeated  two  or  three  times.  After  the  final  evaporation  the  residue  is  dried  in  the 
air  bath  for  1  or  2  hours  at  110**C.  in  order,  as  Washington  (11,  p.  163)  states,  "to  render 
insoluble  any  silica  which  might  otherwise  come  down  with  the  pho^horus."  When  cool 
the  residue  is  taken  up  with  3  cc.  of  concentrated  nitric  add  and  7  cc.  of  distilled  water, 
boiled  gently  for  a  few  minutes,  and  after  cooling  somewhat  ,is  filtered  and  washed;  the  phos- 
phorus in  the  filtrate  is  precipitated  with  ammonium  molybdate,*  and  finally  weighed  as 
magnesium  pyrophosphate.  With  soils  poor  in  phosphorus  a  larger  sample  of  soil  should 
be  taken  and  the  amounts  of  the  reagents  proportionally  increased. 

The  cause  of  the  phosphoric  acid  remaining  in  the  residue  when  this  (after 
evaporation  of  the  nitric  acid)  has  been  heated  too  strongly  appears  to  be 
due  to  a  reaction  with  iron  and  aluminum  salts  to  form  difiicultly-soluble 
phosphates.  Grandeau  (5,  p.  268)  called  attention  to  the  fact  that  if  the 
residue  left  after  evaporation  with  nitric  acid  is  heated  to  glowing,  the  oxides 
of  iron  and  aluminiun  combine  with  small  amounts  of  phosphoric  acid  and 
are  only  sparingly  soluble  in  m'tric  acid.  The  author,  using  solutions  con- 
taining known  amoimts  of  iron  as  ferrous  ammonium  sulfate,  aluminum  as 
aluminum  sulfate  and  phosphoric  acid  as  sodium*  phosphate,  added  hydro- 
fluoric and  nitric  acids  and  continued  the  analysis  according  to  Washington's 
method,  including  an  ignition  at  dull  redness  previous  to  final  treatment 
with  nitric  acid.  This  was  done  both  with  the  solution  alone  in  different 
amounts  and  with  it  added  to  soils  A  and  B.  As  will  be  seen  from  table  10 
the  phosphoric  add  was  not  completely  recovered,  but  the  deficit  was  tully 
accounted  for  by  the  amount  obtained  in  the  residue  by  fusion  with  sodium 
carbonate.  The  amount  in  the  residue  constituted  in  all  cases  a  large  part 
of  the  whole.  There  was  no  definite  increase  in  this  proportion  due  to  the 
use  of  a  larger  amoimt  of  the  solution  of  iron  and  aluminum. 

Using  the  same  soils  and  solutions,  the  determinations  were  made,  also 
by  the  author's  modification  of  the  Washington  method,  the  results  being 
given  in  the  second  part  of  the  same  table.  All  the  phosphoric  add  was 
recovered  in  the  nitric  acid  extract,  the  residue  retaining  either  no  phosphoric 
acid  or  at  most  practically  a  negligible  quantity. 

EUgard^s  method 

The  Hilgard  method  (6)  for  the  determination  of  the  add-soluble  phos- 
phoric acid,  which  consists  of  the  ignition  of  the  soil  and  then  digestion  with 
concentrated  nitric  acid  on  the  water  bath  for  2  days,  gives  as  complete  an 

*  An  acid  solution  of  ammonium  molybdate  was  used  throughout  this  study. 
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TABLE  10 

Phosphoric  acid  as  found  ajier  the  addition  of  knoum  amounts  of  iron;  alum  num,  and 

phosphorus 


9CXL 

KXFUESSBD  AS  PEE  CXNT  OP  SOIL 

PB08PHORIC  ACID 

TOTAL 
AMODNT 

FttO. 

AbOt 

PsOf 

In  loa 

In  nitric 
acid 

Inresidtte 

i.  By  Washington's  method 


B. 


Solution   1 

2 

Average. . . 

1 

2 
Average. . . 

•  1 
2 
Average. . . 

Solution   1 

1 
2 
Average. . . 


1 

2 

Average. 


2.0 
2.0 
2.0 

2.0 
2.0 
2.0 

2.0 
2.0 
2.0 

5.0 

5.0 
5.0 
5.0 

5.0 
5.0 
5.0 


5.0 
5.0 
5.0 

5.0 
5.0 
5.0 

5.0 
5.0 
5.0 

10.0 

10.0 
10.0 
10.0 

10.0 
10.0 
10.0 


1.020 
1.020 
1.020 

1.020 
1.020 
1.020 

1.020 
1.020 
1.020 

1.020 

1.020 
1.020 
1.020 

1.020 
1.020 
1.020 


per  emt 


0.245 


0.334 


0.245 


0.334 


ptr  ceni 
0.944 
0.914 
0.929 

1.178 
1.167 
1.173 

1.275 
1.282 

1.278 

0.860 

1.170 
1.190 
1.180 

1.230 
1.230 
1.230 


per  eeml 
0.057 
0.096 
0.077 

0.070 
0.108 
0.089 

0.070 
0.057 
0.064 

0.153 

0.089 
0.096 
0.092 

0.134 
0.121 
0.127 


per  cetU 
1.001 
1.010 
1.006 

1.248 
1.275 
1.262 

1.345 
1.339 
1.342 

1.013 

1.259 
1.286 
1.272 

1.364 
1.351 
1.357 


2,  By  author's  modification  of  Washington's  method 


A... 


Solution   1 
2 
Average. . . . 


1 

2 

Average. 

1 

2 

Average. 


2.0 
2.0 
2.0 

2.0 
2.0 
2.0 

2.0 
2.0 
2.0 


5.0 
5.0 
5.0 

SO 
5*0 
5.0 

5.0 
5.0 
5.0 


1.020 
1.020 
1.020 

1.020 
1.020 
1.020 

1.020 
1.020 
1.020 


0.245 


0.334 


1.020 
1.026 
1.023 

1.262 
1.243 
1.252 

1.345 
1.332 
1.339 


0.000 
0.000 
0.000 

0.006 
0.019 
0.013 

0.000 
0.012 
0.006 


1.020 
1.026 
1.023 

1.268 
1.262 
1.265 

1.345 
1.344 
1.345 


The  author  has  found  in  using  an  artificial  soil  solution  containing  ferrous 
ammonium  sulfate  equivalent  to  5  per  cent  FeaOs,  aluminum  sulfate  equal 
to  10  per  cent  Al^Os  and  sodium  phosphate  equal  to  0.255  per  cent  PjOj  (ex- 
pressed as  per  cent  of  soil)  that  it  required  the  addition  of  an  amount  of 
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extraction  as  the  Washington  method  when  the  latter  is  used  without  taking 
the  precaution  of  avoiding  over-heating  the  residue  from  the  nitric  add  ex- 
traction (table  4).  The  completeness  of  the  extraction  by  this  method  is  of 
especial  interest  on  account  of  the  great  number  of  determinations  carried 
out  in  the  laboratory  of  its  famous  author  and  the  valuable  conclusions  based 
upon  these.  Were  there  an  actual  danger  of  loss  of  phosphoric  acid  by  vola- 
tilizd^tion  through  ignition  before  digestion  much  of  his  data  would  doubtless 
have  been  far  too  low.  However,  as  it  has  been  shown  that  there  is  no  reason 
to  suspect  loss  by  volatilization  we  have  no  reason  to  question  the  reliability 
of  his  data.  Practically  as  much  phosphorus  was  extracted  from  sample 
A  by  this  method  as  by  the  Fischer  method,  but  contrary  to  what  would  be 
expected,  considerably  less  from  sample  B. 


TABLE  11 

Phosphoric  acid 

as  found  by  Hilgard's  method 

aoiL 

Df  IVTTUC  ACID 
SXIXACT 

XNUSVUE 

TOTAL  AMtWST 

A 

1 

2 

Average 

per  atU 
0.210 
0.210 
0.210 

per  c$iU 
0.025 
0.032 
0.029 

percewl 
0.235 
0.242 
0.239 

B 

1 

2 

Average 

0.293 
0.286 
0.290 

0.032 
0.038 
0.035 

0.325 
0.324 
0.325 

A  summary  of  the  results  obtained  by  the  different  methods  is  shown  in 
table  12. 

Influence  of  titanium 

The  presence  of  titanium  has  been  regarded  as  tending  to  retard  the  pre- 
dpitation  of  ammonium  phosphomolybdate  (8,  p.  594).  Little  work  on  the 
subject  has  been  reported  and  the  most  of  that  done  has  been  in  connection 
with  the  determination  of  phosphorus  in  steel  or  in  iron  ore,  where  the  per- 
centage is  relatively  high  when  compared  with  the  amoimt  usually  found  in 
soil. 

titanium  sulfate  equivalent  to  2.5  per  cent  or  more  of  TiOj  to  interfere  seri- 
ously with  the  recovery  of  the  phosphorus  (table  13).  A  higher  percentage 
seriously  affected  the  accuracy  of  the  determination. 

Robinson  (9,  p.  12-13)  in  a  study  on  26  soils  from  13  different  types  finds 
the  percentage  of  Ti02  to  vary  between  0.40  and  1.59  per  cent  with  an  aver- 
age of  0.86  per  cent  for  all,  while  the  author  (1,  p.  422),  in  examining  36 
samples  of  loess  soil,  found  the  upper  and  lower  limits  of  TiOj  present 
to  be  1.30  and  0.96  per  cent,  respectively,  with  a  general  average  of  1.09 
per  cent. 
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TABLE  12 
Phosphoric  acid  as  found  by  the  different  methods 


U 


K<<( 


Mi 
fill 


S 


Fusion  unmodified 

Fusion    sesquioxides    precipi- 
Uted 

Fusion  Mg(Noi)s  modification 
Fischer 

Washington 

Washington,  Robinson's  mod- 
ification  

Washington,  author's  modifica- 
tion   

ffilgaid 


A 

B 

A 
B 

A 

B 

A 

B 

A 

B 

A 

B 

A 
B 

A 

B 


2 
2 

2 
2 

2 
2 

6 

7 

9 
6 

2 
2 

2 
2 

2 
2 


per  cetU 
0.236 
0.322 

0.245 
0.328 

0.233 
0.334 

0.211 
0.321 

0.190 
0.303 

0.147 
0.188 

0.245 
0.331 

0.210 
0.290 


per  cent 
0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.051 
0.051 

0.000 
0.000 


per  uni 
0.009 
0.012 

0.000 
0.009 

0.009 
0.003 

0.030 
0.008 

0.058 
0.031 

0.054 
0.092 

0.000 
0.000 

0.029 
0.035 


per  c$mt 
0.245 
0.334 

0.245 
0.337 

0.242 
0.337 

0.241 
0.329 

0.248 
0.336 

0.252 
0.331 

0.245 
0.331 

0.239 
0.325 


From  data  reported  in  table  13  it  is  evident  that  the  amount  of  titanium 
usually  present  in  soil,  or  even  the  maximum  amount  found  by  Robinson, 
is  too  low  to  affect  the  determination  of  the  phosphorus. 

TABLE  13 
Phosphoric  acid  as  found  in  a  standard  solution  after  the  addition  of  known  amounts  of  titanium 


SOLUmM 

cxmar  soil 

P«Ol  SKOOVEBED 

FeiOs 

Also. 

TiOi 

PiOf 

Set  !• 

Set  2 

Avenge 

per  cent 

percent 

per  cent 

1 

5.0 

10.0 

1.0 

0.255 

0.255 

0.248 

0.251 

2 

5.0 

10.0 

1.5 

0.255 

0.255 

0.255 

0.255 

3 

5.0 

10.0 

2.5 

0.255 

0.236 

0.242 

0.239 

4 

5.0 

10.0 

5.0 

0.255 

0.147 

0.197 

0.172 

5 

5.0 

10.0 

10.0 

0.255 

0.019 

0.032 

0.025 

*  Sets  1  and  2  were  run  on  different  days. 
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SUIOCASY 

1.  Six  methods  were  compared,  viz.,  fusion  with  sodium  carbcnate,  the 
Fischer  and  Hilgard  methods  involving  extraction  with  strong  acid,  Wash- 
ington's hydrofluoric  acid  method,  a  modification  of  the  last  recently 
proposed  by  Robinson  and  a  modification  developed  by  the  author. 

2.  With  the  fusion  method  usually  only  a  negligible  quantity  of  phosphoric 
acid  was  recoverable  from  the  separated  silica.  Neither  evaporation  with 
magnesium  nitrate  previous  to  ignition  nor  precipitation  of  the  phosphoric 
acid  with  the  sesquioxides  of  iron  and  aluminum  in  order  to  separate  it  from 
the  excess  of  sodium  salts  was  found  advantageous. 

3.  The  Fischer  method  recovered  practically  all  the  phosphoric  add  in  the 
peat  soils,  but  in  most  cases  with  mineral  soils  a  considerable  amount  was 
left  in  the  insoluble  residue.  None  was  lost  by  volatilization  or  rendered 
unrecoverable  by  the  formation  of  compounds  of  iron  and  aluminum  insolu- 
ble in  nitric  acid.  That  left  in  the  residue  was  the  result  of  an  incomplete 
extraction  by  the  acids  employed. 

4.  The  Hilgard  method  for  the  determination  of  acid-soluble  phosphoric 
acid  extracted  as  much  from  one  soil  as  did  the  Fischer  method,  but  in  the 
case  of  another  considerably  less. 

5.  Washington's  method,  when  applied  to  soils  and  modified  to  the  extent 
of  igniting  the  residue  to  dull  redness  after  the  final  evaporation  with  nitric 
acid,  failed  to  recover  the  whole  of  the  phosphoric  acid  present.  The  resi- 
dues upon  being  fused  with  sodium  carbonate  yielded  the  missing  amount, 
thus  showing  that  the  low  percentages  found  by  this  method  are  not  due 
to  volatilization  during  ignition  but  to  incompleteness  of  extraction  by  nitric 
acid. 

6.  Robinson's  modification  of  Washington's  method  extracted  only  from 
50  to  65  per  cent  of  the  total  phosphoric  acid,  the  remainder  being  found 
partly  in  the  residue  and  partly  in  the  filtrate  from  the  yellow  precipitate. 
With  soils  high  iQ  organic  matter  the  magnesium  pyrophosphate  obtained  by 
this  modification  of  the  method  carried  a  considerable  amoimt  of  magnesium 
oxide,  which  was  derived  from  precipitated  organic  compoimds.  A  temper- 
ature so  low  that  no  glowing  was  produced  failed  to  oxidize  the  organic 
matter  completely.  Samples  analyzed  by  this  modification  of  Washington's 
method  with  the  exception  that,  after  the  first  evaporation  with  nitric  acid, 
they  were  ignited  to  very  dull  redness,  behaved  similarly,  although  no  phos- 
phoric acid  was  found  in  the  filtrate  from  the  yellow  precipitate. 

7.  Two  peat  soils  analyzed  both  with  and  without  evaporation  with  mag- 
nesium nitrate  solution  previous  to  the  ignition,  gave  no  increased  amount 
of  phosphoric  acid  from  treatment  with  this  reagent,  showing  that  there  was 
no  loss  of  phosphoric  acid  by  volatilization  during  ignition.  A  sample  of 
mineral  soil  mixed  with  0.5  gm.  of  sugar  and  carefully  ignited  showed  no  loss 
of  phosphorus  by  volatilization. 
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8.  The  incomplete  extraction  of  the  phosphorus  from  soils  by  Washing- 
ton's method  was  found  to  be  due  to  overheating  the  residue,  causing  the 
formation  of  difficultly-soluble  phosphates  of  iron  and  aluminum. 

9.  The  Washington  method  may  be  modified  slightly  so  as  to  provide  for 
the  complete  oxidation  of  the  organic  matter  and  the  subsequent  complete 
extraction  of  the  phosphoric  acid  without  making  it  less  satisfactory  for 
soils  than  it  has  proven  for  rocks.  The  prominent  features  of  this  proposed 
modification  of  the  method  consist  of  an  ignition  at  dull  redness  previous  to 
the  treatment  with  bydrofiuoric  and  nitric  adds  and  later  taking  up  the  phos- 
phoric add  with  nitric  add,  and  dr3dng  the  residue  in  an  air  bath  at  UO^C. 

10.  The  amount  of  titanium  oxide  found  in  soils  is  too  low  to  interfere 
with  the  predpitation  of  the  phosphorus. 
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HYDROGEN-ION  CONCENTRATION  MEASUREMENTS  OF  SOILS 
OF  TWO  TYPES:  CARIBOU  LOAM  AND  WASHBURN  LOAM 

LOUIS  J.  GILLESPIE  AND  LEWIS  A.  HURST 
Sail  Fertility  InvesHgatums,  Bureau  of  Plant  Industry,  United  States  Department  of  Agriculture 

Recdved  for  pubUcation  Jane  9,  1917 
INTRODUCTION 

In  work  recorded  in  an  earlier  paper  (7)  a  number  of  soik  of  diflEerent  type 
and  origin  were  examined  to  determine  the  applicability  of  measurements  of 
hydrogen-ion  concentration  to  the  soil.  It  was  foimd  possible  to  determine 
the  hydrogen-ion  concentration  of  soil  extracts  or  soil  suspensions  in  water 
by  different  methods:  (1)  an  electrometric  and  (2)  a  simple  colorimetric 
method.  The  results  obtained  by  the  two  methods  agreed  sufficiently  well 
to  show  that  either  method  yields  approximately  correct  results.  The  dif- 
ferent soil  samples  exhibited  widely  different  hydrogen-ion  concentrations: 
the  most  acid  soil  showed  the  hydrogen-ion  exponent^  4.4;  the  most  alkaline, 
8.6.  More  recently  Sharp  and  Hoagland  (12)  have  measured  a  variety  of 
soils  by  the  electrometric  method  and  foimd  exponents  between  the  limits 
3.7  and  9.7. 

Wherry  (16)  has  measured  the  hydrogen-ion  concentration  of  some  soils 
by  the  colorimetric  method  in  a  chemical  study  of  the  rocks  and  soils  support- 
ing the  growth  of  the  walking  fern.  Such  soils  showed  exponents  5.5  to  9.0: 
the  mean  being  7.0. 

Conner  (5)  estimated  the  intensity  of  acidity  of  soils  by  measuring  the 
hydrol3^is  of  ethyl  acetate  at  the  ordinary  temperature.  This  method  is  not 
rapid,  and  the  results  which  it  yields  have  not  yet  been  compared  with  those 
obtained  by  the  above  methods.  Truog  (13)  has  attempted  to  estimate  the 
acidity  by  measuring  the  avidity  of  the  "active"  soil  adds  for  bases:  it  is 
not  clear  just  what  relation  this  avidity  would  have  to  the  hydrogen-ion 
concentration. 

It  will  be  recalled  that  the  intensity  of  acidity  is  measured  by  the  hydrogen- 
ion  concentration,  and  that  it  bears  in  general  no  simple  or  direct  relation 

^  Following  the  general  custom,  we  report  the  ''exponent"  instead  of  the  concentration 
itself.  If  desired,  the  concentration  may  be  calculated  by  raising  the  number  ''10''  to  the 
power  denoted  by  the  exponent  and  finding  the  reciprocal  of  the  result.  Since,  however,  in 
practically  all  of  the  work  on  the  biological  significance  of  the  hydrogen-ion  concentration  the 
results  are  stated  in  terms  of  the  exponent,  such  a  calculation  is  unnecessary.  It  need  only 
be  borne  in  mind  that  the  exponent  is  about  7  for  neutrality;  and  that  the  more  alkaline,  the 
greater  is  the  value  of  the  exponent;  and  the  more  acid,  the  lower  the  expon^t 
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to  the  quantity  of  acid  present.  It  has  been  shown  many  times'  that  the 
hydrogen-ion  concentration  possesses  a  greater  significance  in  biochemical 
processes  than  the  quantity  or  concentration  of  acid  substance.  It  is  there- 
fore entirely  possible  that  certain  problems  of  soil  fertility,  espedaUy  those 
relating  to  the  necessity  or  desirability  of  liming  for  any  specific  crop,  which 
have  not  as  yet  been  solved  by  means  of  determinations  of  "lime  requirement/' 
may  be  solved  by  measurements  of  hydrogen-ion  concentration. 

The  expression  "to  neutralize  acidity"  is  ambiguous.  It  may  mean  to  add 
alkali  until  there  remains  no  excess  of  hydrogen  ions  over  hydroxy!  ions  (phys- 
ico-chemical standpoint) ;  or  it  may  mean  to  add  alkali  until  acidic  hydrogen 
atoms  are  all  replaced  (purely  chemical  or  stoichiometrical  standpoint),  in 
which  latter  case  the  resulting  reaction  may  be  neutral,  acid,  or  alkaline, 
depending  on  the  nature  of  the  salt  formed.  Most  methods  for  estimating 
lime  requirement,  such  as  that  of  Veitch  (14),  are  based  on  neutralization  in 
the  first  sense;  the  method  proposed  by  Bouyoucos  (2)  is  based  on  neutraliza- 
tion in  the  second  sense. 

There  is  a  current  opinion  that  the  rational  liming  of  soils  must  be  a  proc- 
ess of  neutralization,  in  one' or  the  other  of  the  above  senses.  This  opinion 
seems  not  in  accordance  with  the  fact  that  many  crops  do  well  on  soils  re- 
garded as  acid;  some,  such  as  blueberries,  have  been  found  to  require  add 
soils  (6)  others,  such  as  potatoes,  become  liable  to  disease  if  liming  is  practiced. 
It  would  appear  evident  that  what  constitutes  scientific  corrective  treatment 
of  soil  acidity,  or  soil  alkalinity,  caxmot  be  settled  by  convention:  we  must 
find  out  what  reaction  (hydrogen-ion  exponent)  we  ought  to  impart  to  the 
soil  for  any  system  of  cropping,  before  we  attempt  to  formulate  rules  for  the 
adjustment. 

SELECTION  OF  SOlt^  FOR  EXAMINATION 

In  the  earlier  paper,  cited  above,  no  attempt  was  made  to  correlate  the 
results  found  for  the  soils  with  the  nature  of  the  soils  or  with  their  biological 
characteristics,  the  soils  under  examination  being  too  diverse.  The  measure- 
ments reported  in  this  paper,  on  the  other  hand,  have  been  made  on  soil 
samples  grouped,  according  to  the  Bureau  of  Soils,  into  two  types:  Caribou 
loam  and  Washburn  loam  (15).  The  samples  were  taken  from  fields  repre- 
sentative of  large  areas  and  conformed  to  one  or  the  other  of  the  two  types. 

Of  the  several  kinds  of  soil  upon  which  Irish  potatoes  are  grown  in  northern 
Maine,  the  greater  part  of  the  crop  is  harvested  from  the  Caribou  loam  and 
to  a  less  extent  from  the  Washburn  loam.  The  types  are  quite  similar  in 
texture  and  are  derived  from  the  same  parent  materials,  or  glacial  till;  but, 
owing  to  certain  topographic  diflEeiences  which  affect  particularly  the  local 
drainage,  striking  differences  are  found  between  soils  of  these  types. 

•  See  especially  the  monograph  of  Michaelis  (11)  and  a  recent  paper  by  Clark  and  Lubs 
(4)  for  instances  and  literature. 
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The  Caribou  loam  is  characterized  by  the  yellowish-brown  color  of  the 
surface  soil  and  even  brighter  subsurface  soil  (indicative  of  good  .drainage); 
whereas  the  surface  of  the  Washburn  loam  is  dark  gray  to  black  in  color,  and 
is  underlaid  by  a  light  gray  to  a  dull  yellow  and  gray  mottled  subsurface  soil, 
the  latter  being  very  characteristic  of  poorly-drained  soils.  The  average  depth 
of  the  surface  soil  of  both  types  is  about  eight  inches,  which  is  probably  one 
or  two  inches  below  the  average  plow  depth.  The  Caribou  loam  occurs  on 
high,  well-drained  ridges  and  slopes;  the  Washburn  occurs  in  low-lying,  iBat 
or  depressed  situations,  in  which  seepage  or  poor  drainage  naturally,  prevails. 
Such  low  situations  favor  the  accumulation  of  muck  and  peat  with  which  the 
Washburn  loam  is  always  covered  until  the  land  is  cleared  for  cultivation. 
Similar  mucky  conditions  do  not  occur  on  the  virgin  Caribou  soils.  The 
native  vegetation  of  the  Caribou  loam  is  a  hardwood  growth  of  maple,  yellow 
birch,  white  pine,  balsam  j5r,  and  the  like.  The  native  timber  growth  of  the 
Washburn  loam  is  chiefly  white  cedar,  except  where  the  original  timber  has 
been  destroyed  by  fire,  when  it  is  often  replaced  by  other  soft  woods,  such  as 
poplar,  white  birch  and  cottonwood. 

At  least  two-thirds  of  the  potatoes  grown  in  northern  Maine  are  pro- 
duced on  the  Caribou  loam,  which  is  in  general  better  suited  to  potato 
culture  than  the  Washburn  loam.  In  connection  with  certain  potato- 
disease  studies  carried  on  codperatively  by  the  Maine  Agricultural  Experiment 
Station  and  the  United  States  Department  of  Agriculture,  Schreiner,  Lapham, 
and  Westovcr  in  1915  found  that  potato  scab,  particularly  that  caused  by 
Spangospora  subterranea^  where  it  occurs  at  all,  is  largely  on  the  Washburn 
loam,  the  Caribou  loam  being  comparatively  free  from  disease;  and  this  has 
been  confirmed  by  Hurst  in  1916.  An  instance  of  the  comparative  freedom 
of  the  Caribou  loam  from  infection  of  Spangospora  subterranea  has  already 
been  reported  by  MeUius,  Rosenbaum,  and  ^chultz  (10).  Soil  2.0  (p.  237- 
239)  is  the  Caribou  loam  while  1.0  is  the  Washburn,  the  other  numbers  (1.1, 
1.2,  2.1)  being  intermediate  phases  of  the  two  types. 

EXPERIMENTAL  PROCEDURE 

The  procedure  for  the  colorimetric  determinations  is  much  the  same  as 
that  used  before.  We  have  found  that  acid  soils  may  show  a  somewhat  higher 
acidity  when  the  soil  extracts  are  made  with  1  cc.  of  water  per  gram  of  air- 
dry  soil  than  with  2  cc,  the  quantity  used  previously.  Good  duplication  is  . 
obtainable  with  this  ratio  of  1  to  1.  The  average  diflEerence  obtained  by  vary- 
ing the  ratio  from  1  to  1,  to  2  to  2  was  0.14  in  the  value  of  the  exponent  for 
nine  soils.  This  indicates  that  at  optimum  moisture 'content  the  acidity 
may  be  more  intense,  but  to  what  extent  cannot  be  calculated.  Only  results 
between  the  same  ratios  of  water  to  soil  should  be  compared.  We  have  used 
in  the  present  work  1  cc.  of  water  per  gram  of  air-dry  soil. 
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Most  of  the  soU  extracts  (suspensions  from  which  the  heavier  particles 
have  been  thrown  out  by  means  of  a  centrifuge)  show  an  increased  hydrogen- 
ion  concentration  when  examined  colorimetrically,  if  carbon  dioxide  is  passed 
into  them.  If  air  which  has  been  freed  from  carbon  dioxide  is  blown  through 
the  extracts,  some  show  very  little  change,  others  a  moderate  decrease 
of  acidity,  but  all  we  have  tried  maintain  their  acidity  to  methyl  red  far  longer 
than  water,  or  suspension  of  bicarbonates,  made  add  to  methyl  red  with 
carbon  dioxide.' 

When  soils  are  dried  in  air,  carbon  dioxide  is  lost,  for  the  pressure  of  car- 
bon dioxide  in  the  soil  air  is  considerably  higher  than  in  the  atmosphere.  It 
has  seemed  more  expedient  for  the  present,  however,  to  study  air-dried  soils. 

The  procedure  has  therefore  its  theoretical  limitations,  and  the  acidities 
found  may  be  somewhat  low  for  the  two  reasons  given  above. 

About  thirty  grams  of  air-dry  soil,  which  had  been  passed  through  a  1-mm. 
sieve  without  grinding,  were  treated  in  a  centrifuge  tube  of  100  cc.  capacity 
with  an  equal  number  of  cubic  centimeters  of  distilled  water.  The  tube  was 
closed  by  the  hand,  and  after  thorough  wetting  of  the  soil  was  accomplished,  the 
tube  was  violently  shaken  about  fifty  times.  Not  more  than  eight  soils  were 
thus  treated  at  a  time  and  the  entire  determination  was  carried  out  without 
delay.  The  tubes  were  centrifuged  for  ten  to  twenty  minutes.  The  super- 
natant fluid  was  drawn  off  with  a  pipette  provided  with  a  rubber  tube  and  a 
mouth-piece  and  distributed  into  test-tubes.  To  a  small  portion  a  drop  of 
methyl  red  was  added;  the  result  showed  whether  methyl  red  could  be  used 
for  the  measurement,  if  not,  other  indicators  were  tried.  To  a  5-cc.  portion 
of  the  fluid  the  proper  indicator  solution  was  added  and  admixed,  and  the 
color  so  developed  was  compared  with  the  colors  obtained  on  adding  the  same 
quantity  of  the  same  indicator  solution  to  tubes  containing  5  cc.  of  various 
"buffer  solutions"  of  known  hydrogen-ion  exponents. 

Most  of  the  fluids  were  somewhat  turbid,  and  the  simple  comparator  of 
Hurwitz,  Meyer  and  Ostenberg  (8),  as  modified  by  Clark  and  Lubs  (4),  was 
used  for  the  comparison. 

The  buffer  mixtures  were  made  from  fifth-molecular  solutions  of  add  potas- 
sium phthalate,  add  potassium  phosphate,  and  sodium  hydrate,  according  to 
the  proportions  given  by  Clark  and  Lubs  (3, 4).    The  hydrogen-ion  exponents 

*  It  should  not  hastily  be  assumed  that  hydrogen-ion  concentrations  due  to  carbon  dioxide 
are  of  less  ph3rsiological  significance  than  those  due  to  other  acids.  The  hydrogen-ion  con- 
centration of  the  blood,  which  is  so  important  a  quantity  that  a  special  mechanism  involving 
the  regulation  of  lung  activity  has  been  elaborated  for  keeping  it  constant,  is  maintained 
constant  by  suitably  adjusted  changes  in  the  carbon  dioxide  content  in  spite  of  variations 
resulting  from  the  accession  of  various  acid  or  alkaline  substances.  (See  the  monograph  of 
Michaelis  for  discussion  and  references.) 

When  carbon  dioxide  is  accompanied  by  carbonates  in  anal3rtically  significant  quantities 
the  hydrogen-ion  concentration  is  far  lower  for  moderate  pressures  than  those  reported  here 
for  the  more  acid  class  of  soils.  [A  general  discussion  of  the  carbonate  equilibrium  has  been 
given  by  Johnston  (9).] 
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of  the  buffer  mixtures  were  checked  electrometiically.  If  the  substances 
used  are  known  to  be  pure  this  is  unnecessary. 

The  following  two  indicators  were  used;  methyl  red,  and  bromcresol  pur- 
ple (dibrom-o-cresol-sulfone-phthalein).  Both  were  used  in  water  solution: 
methyl  red,  two  drops  of  a  0.02  per  cent  solution  of  the  sodium  salt;  and  brom- 
cresol purple,  three  drops  of  a  0.04  per  cent  solution  of  the  sodium  salt.  Al- 
though a  sUght  excess  of  alkali  is  necessary  in  order  to  dissolve  the  indicators 
(4),  if  the  excess  is  very  slight  over  the  theoretical  quantity  (one  equivalent) 
the  resulting  solution's  appear  to  have,  if  anythii](g,  less  buffer  action  than  the 
alcoholic  solutions  formerly  used.  At  any  rate  the  two  solutions  used  by  us 
gave  concotdant  values  (about  5.8)  of  the  hydrogen-ion  exponent  for  the  dis- 
tilled water  used. 

In  one  or  two  cases  it  was  observed  that  even  with  the  comparator  the  color 
of  the  soil  extract  treated  with  brom-cresol  purple  could  not  be  matched  in 
value  eiacdy  with  any  of  the  buffer  solutions  containing  this  indicator.  This 
is  due  to  dichromatism.  Clark  and  Lubs  have  pointed  out  the  disturbing 
effect  of  dichromatism  in  turbid  solutions  of  this  indicator  an'd  have  shown 
how  to  reduce  it  (4).  We  have  viewed  the  solutions  through  thin  layers 
(12  mm.)  in  the  comparator,  but  have  not  used  the  screened  source  of  light 
devised  by  them.  For  the  present  differentiation  the  error  due  to  dichro- 
matism was  unimportant:  in  fact,  the  mere  differentiation  could  have  been 
effected,  as  it  proved,  by  the  use  of  methyl  red  alone. 

EXPERIMENTAL  RESULTS 

The  results  for  cultivated  fields  of  soils  of  the  Caribou  loam  type  are  given 
in  table  1,  and  the  corresponding  results  for  the  Washburn  soils  in  table  2. 
The  samples  were  taken  from  the  first  8  inches.  The  soils  are  arranged  in 
order  of  decreasing  acidity.  The  indicator  used  for  the  Caribou  soils  was 
methyl  red,  for  the  Washburn  soils  the  indicator  was  also  methyl  red  except 
for  the  last  five  cases. 

TABLE  1 
Hydrogen-ion  exponents  of  cultivated  soils  belonging  to  the  Caribou  loam  type 


Soil  number  --..---,.-- 

1 
4.85 

2 
5.0 

3 
5.05 

4 

5.1 

5 
5.15 

6 

5.2 

7 
5.2 

8 

5.25 

9 

5.3 

10 

5.3 

11 

5.3 

12 

5.35 

13 

Exponent 

S  4S 

TABLE  2 
Hydrogenrion  exponents  of  cultivated  soils  of  the  Washburn  loam  type 

Soil  number. ...    

14 
5.4 

15 

5.5 

16 

5.7 

17 

5.7 

18 
5.8 

19 

5.8 

20 
5.8 

21 
6.25 

22 
6.3 

23 
6.4 

?4 

Exponent 

6.65 

A  fiuther  interesting  comparison  is  noted  when  these  results  are  tabulated 
according  to  the  occurrence  of  both  types  on  the  same  field.  This  is  done  in 
tAble  3. 
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TABLE  3 

Eydrogenr-ion  exponents  of  soils  of  the  Caribou  loam  and  Washburn  loam,  collected  in  the  same 

field 


wtmiD 

CAUBOU  LOAM 

WASBBOKN  I.OAM 

DanuNCB 

A 

5.00 

5.80 

0.80 

B 

5.15 

5.50 

0.35 

C 

•  5.30 

5.70 

0.40 

D 

5.35 

5.70 

0.35 

E 

5.10 

6.40 

1.30 

F 

5.20 

5.40 

0.20 

G 

5.25 

5.80 

0.55 

H 

5.20 

6.30 

1.10 

I 

5.45 

6.65 

1.20 

When  one  considers  that  the  two  types  in  each  of  these  fields  received 
exactly  the  same  treatment  in  fertilization  and  cultivation,  it  shows  that 
the  differences  are  not  accidental  but  are  characteristic  of  the  soil  type.  It 
should  further  be  emphasized  that  these  Maine  potato  soils  have  never 
been  limed. 

DISCUSSION  or  THE  RESULTS 

The  mean  value  of  the  exponent  for  the  Caribou  soils  is  5.2;  that  for  the 
Washburn  soils,  5.93.  Although  all  of  the  soils  examined  are  acid,  the  Caribou 
soils  are  as  a  class,  indeed  almost  without  exception,  more  intensely  acid 
than  the  Washburn  soils.  Of  the  general  biological  differences  of  the  two 
types,  the  more .  interesting  are  those  relating  to  the  occurrence  of  potato 
scabs,  since  the  growth  of  the  causal  organisms  might  be  inhibited  by  the 
acidity  of  the  Caribou  soils  but  not  by  that  of  thie  Washburn  soils.  It  has 
been  shown  for  a  number  of  microorganisms  that  growth  is  impossible  beyond 
a  certain  intensity  of  acidity,  as  measured  by  the  hydrogen-ion  exponent. 
As  compiled  from  various  authorities  by  Clark  and  Lubs  (4)  the  acid  limit 
for  six  species  studied  lies  above  the  acidity  represented  by  the  exponent  5.3. 
For  a  ceitain  group  of  Streptococci,  however,  described  by  Ayers  (1),  the  limit- 
ing exponents  lie  between  5.5  and  6.0,  and  without  doubt  other  microorgan- 
isms will  be  foimd  to  fail  to  grow  at  such  hydrogen-ion  concentrations. 

It  is  therefore  not  impossible  that  the  relative  freedom  of  soils  of  the  Cari- 
bou type  from  disease  may  be  due  to  the  greater  intensity  of  acidity. 

SUMMARY 

The  Caribou  loam  and  the  Washburn  loam  from  Aroostook  County,  Maine, 
possess  before  cultivation  broadly  different  biological  characteristics.  Both 
types  are  largely  devoted  to  potato  culture,  the  Caribou  loam  being  better 
adapted  to  this  than  the  Washburn  loam. 
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Cultivated  soils  of  the  Caribou  loam  type  exhibit,  when  examined  by 
the  colorimetric  method,  considerably  greater  hydrogen-ion  concentrations 
than  do  soils  of  the  Washburn  loam  type.  The  average  hydrogen-ion  expon- 
ent for  the  Caribou  loam  was  found  to  be  5.2;  that  of  the  Washburn  loam  5.93. 

The  possibility  is  indicated  that  the  relative  freedom  of  the  Caribou  loam 
from  potato  scabs  may  be  due  to  its  greater  hydrogen-ion  concentration. 
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It  has  been  proved  by  the  author  (1)  that  the  process  of  ammonification 
and  nitrification  are  autocatal3rtic  chftmical  reactions  and  that  the  increase  of 
ammonia  and  nitric  acid  in  these  processes  are  in  accordance  with  the  formula 

where  x  is  the  amoimt  of  nitrogen  in  the  form  of  ammonia  and  of  nitric  acid 
which  has  been  produced  at  the  time  /,  A  is  the  total  amount  of  nitrogen  in 
the  form  of  ammonia  and  of  nitric  acid  produced  during  the  process,  X  is  a 
constant,  and  h  is  the  time  in  which  half  of  the  total  amoimt  of  nitrogen 
in  the  form  of  ammonia  and  of  nitric  acid  is  produced.  This  proof  has  been 
secured  by  the  application  of  the  autocatalytic  chemical  equation  to  the  results 
of  Lipman's,  Lemmermann's  and  Warington's  experiments.  It  will  be*  both 
interesting  and  important,  therefore,  to  test  the  proof  of  this  subject  further  by 
personal  experiments. 

The  present  paper  dieals  with  the  results*  of  ammonification.  The  results 
of  nitrification  will  be  treated  elsewhere  later. 

EXPERIMENTAL 

Five  different  soils — Caribou  silt  loam,  and  Washburn  silt  loam  from  Maine, 
Superior  clay  from  "R^sconsin,  Scottsburg  silt  loam  from  Indiana,  and  soil 
from  the  Arlington  farm,  Virginia,  were  selected  and  used  for  the  experiment 
in  an  air-dried  condition  after  having  been  passed  through  a  1-mm.  sieve. 
Leucine  and  tyrosine  were  used  as  the  chemicals  to  be  ammonified.  These 
were  made  in  the  laboratory  by  us  from  casein  and  from  horn  meal. 

For  the  experiment  100  gm.  of  the  soils  and  the  chemicals  equivalent  to 
100  mgm.  of  nitrogen  were  used.  The  amount  of  leucine  and  t3rrosine  used 
is,  therefore,  0.9372  and  1.2943  gm.,  respectively.  To  the  mixture  10  cc.  of 
water  was  added  and  well  mixed.  The  treated  soils  were  kept  in  bottles. 
After  incubation  at  a  constant  temperature  (30°C.)  for  certain  intervals  of 
time  as  indicated  in  the  following  table,  10  gm.  of  the  soils  were  taken  and 
ammonia  was  determined  by  the  usual  distillation  method  with  magnesia.    In 

^  The  investigations  recorded  in  this  paper  were  carried  out  in  the  laboratory  of  Soil 
Fertility  Investigations,  Bureau  of  Plant  Industry,  United  States  Department  of 
Agriculture. 
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all  cases  the  amount  of  ammonia  obtained  by  distillation  of  the  sofl  without 
addition  of  any  compound,  was  subtracted  from  the  quantity  of  ammonia 
found  on  distillation  of  the  treated  soils  after  they  had  undergone  the  process 
of  ammonification.  By  weighing  the  bottles  every  morning  we  confirmed 
that  the  water  content  of  the  soils  remained  almost  constant  throughout  the 
experiment. 
The  result  obtained  is  as  follows: 

TABLE  1 

Milligrams  of  ammonia  nitrogen  actually  produced  from  the  compounds  equivalent  to  100  mgm. 
of  nitrogen  in  100  gm.  of  the  soils  and  calculated  by  the  equation  given 


a.  Equation  for  leucine: 


1.  Result  with  Arlington  soil 


log yg  J_^  =  0.2032  (/  -  6.85) 


b.  Equation  for  tyrosine: 


log 


64.00-* 


•■  0.1634  (/  -  8.15) 


IMOCOtK 

nsosmi 

DAYS 

CftlcuUtted 

Found 

Calculated 

Found. 

mgm. 

111^. 

mgm. 

mgm. 

2 

7.35 

7.77 

5.76 

3.12 

5* 

23.24 

23.30 

14.98 

15.58 

7 

40.60 

46.59 

25.19 

24.93 

9* 

57.43 

62.12 

37.07 

37.39 

12* 

71.99 

71.44 

51.84 

50.08 

14 

75.79 

74.55 

58.24 

56.09 

16* 

77.38 

77.66 

61.17 

61.21 

2.  Result  with  caribou  soil 


a.  £quati<mforleudne: 


log 


78.08 -« 


b.  Equation  for  tyrosine: 


log 


71.62  -  X 


-  0.1602  (t  -  8.3) 


=  0.1816  (t  -  8.3) 


DAYS 

CalcuUted 

Found 

CklcuUttd 

Fovisd 

mgm. 

mgm. 

mgm. 

mgm. 

2 

6.96 

7.77 

4.79 

3.12 

5* 

17.83 

17.20 

14.39 

12.80 

7 

29.85 

29.95 

26.31 

26.71 

9* 

44.03 

44.93 

41.01 

41.17 

12* 

62.19 

59.02 

59.04 

57.87 

14 

.69.55 

67.12 

65.58 

65.11 

16* 

73.78 

73.22 

68.87 

69.00 

Digitized  by 


Google 


a.  Equation  for  leucine: 


b.  Equation  for  tyrosine: 


TABLE  l--Continued 
3.  Result  with  Indiana  soil 

log  gjjj^^"  0.0992  (/- 8.55) 


log 


42.98  -  X 


« 0.1222  (^-8.87) 


UEUONS 

TTROSIMB 

DAYS 

CalcuUted 

Found 

Calculated 

Found 

Mfm. 

mpn. 

mgm. 

Mtm. 

2 

15.47 

8.32 

5.43 

3.34 

5* 

26.01 

24.41 

10.83 

10.02 

7 

34.86 

34.17 

15.96 

15.58 

9* 

44.44 

44.37 

21.88 

21.81 

12* 

58.11 

57.13 

30.38 

30.61 

14 

65.65 

65.23 

34.77 

34.28 

16* 

71.49 

71.44 

37.89 

38.40 

a.  Equation  for  leucine: 


4.  Result  with  Superior  soil 


log 


b.  Equation  for  tyrosine: 


82.76  -  X 


=  0.1275  (/- 7.17) 


log 


58.36  -  X 


« 0.2045(^-5.35) 


ucuaNE 

*     TYBOSIMB 

DAYS 

Calculated 

Found 

CalcuUted 

Found 

mtm. 

mgm. 

mgm. 

mgm. 

2 

14.88 

15.53 

9.99 

7.23 

5* 

28.63 

24.85 

27.87 

26.15 

7 

40.34 

40.38 

39.77 

40.51 

9* 

52.27 

52.81 

49.46 

48.30 

12* 

66.62 

65.23 

55.92 

54.53 

14 

72.93 

74.55 

57.39 

56.20 

16* 

77.02 

77.66 

58.14 

57.65 

a.  Equation  for  leucine: 


b.  Equation  for  tyrosine: 


5.  Result  with  Washburn  soil 


LEUCINE 

TYROSINE 

SAYS 

Calculated 

Found 

Calculated 

Found 

mgm. 

mgm. 

mgm. 

mgm. 

2 

21.14 

10.87 

24.82 

12.46 

5* 

48.03 

48.15 

36.64 

35.84 

7 

64.31 

69.89 

44.96 

45.19 

9* 

74.31 

76.20 

52.90 

51.42 

12* 

80.44 

79.20 

62.76 

61.21 

14  . 

81.82 

80.76 

67.68 

66.22 

16* 

82.37 

82.32 

71.34 

70.12 

*  These  points  were  u^d  for  the  calculation  of  value  A, 
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It  will  be  seen  from  the  table  that  the  observed  and  calculated  values  of 
X  are  in  good  agreement.  There  is,  therefore,  no  doubt  that  the  process  of 
ammonification  is  an  autocatalytic  chemical  reaction  and  that  the  in- 
crease of  ammonia  in  this  process  is  in  accordance  with  the  formula  log 

—  K  (t  —  h),  as  stated  in  the  previous  paper. 

From  the  practical  standpoint,  it  might  be  considered  that  while  the  am- 
monification  of  a  compound  is  still  going  on  in  the  soil,  a  part  of  the  ammonia 
produced  is  oxidized  to  nitrites  and  nitrates.  The  loss  of  nitrogen  in  the  form 
of  ammonia  is  also  caused  through  denitrification.  For  such  reasons,  the 
ratio  between  the  nitrogen  in  the  compound  added  and  the  nitrogen  in  the 
ammonia  produced  never  attains  its  final  value.  The  total  amount  of  nitro- 
gen in  the  compound  added,  consequently,  might  be  gradually  transformed 
into  nitrogen  of  ammonia  form.  But  when  we  consider  ammonification  itself 
from  the  scientific  standpoint,  it  is  very  interesting  and  important  to  know 
whether  the  total  amoimt  of  nitrogen  added  will  be  ammonified.  The  rate 
of  transformation  of  nitrogen  in  the  process  of  ammonification  will  be  dearly 
shown  by  the  equation,  because  A  in  the  equation  denotes  the  maximum 
amount  of  nitrogen  produced  in  the  form  of  ammonia.  The  actual  value  of 
A  is,  however,  always  less  than  the  amount  of  nitrogen  added.  This  means 
that  the  nitrogen  added  is  not  totally  transformed  into  the  nitrogen  in  the 
form  of  anunonia  in  the  process  of  ammonification.  For  the  sake  of  conven- 
ience we  have  brought  together  our  results  in  table  2. 


TABLE  2 
Raie  of  transformation  of  nitrogen  in  ike  ^ocess  of  ammonification 

80IL8 

Lnxam 

TYHOSOiE 

NitrogeD 
added 

Value  of 
A 

Nitrogen 
added 

Value  of 
A 

Arlinfirton 

mgm. 
100.00 
100.00 
100.00 
100.00 
100.00 

Mtm. 
78.46 
78.08 
84.53 
82.76 
82.74 

mgm, 
100.00 
100.00 
100.00 
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mtm. 
64.00 
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71.62 

Indiana 

42.98 

Superior 

58.36 

Washburn 

79.56 

The  rate  of  transformation  seems  to  be  dependent  upon  the  conditions  of 
the  experiment  as  to  soils,  chemicals,  moisture,  temperature,  etc.  In  our 
experiment,  the  value  A  for  leucine  was  always  greater  than  that  for  tyrosine, 
that  is,  leucine  ammonified  to  a  greater  extent  than  did  tyro^ne.  The  value 
A  of  each  compound  was  also  greatly  influenced  by  the  soils. 
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1.  We  have  confirmed  again  that  the  process  of  ammonification  is  an  auto- 
catalytic  chemical  reaction  and  that  the  increase  of  ammonia  in  the  process 
is  in  accordance  with  the  formula: 

2.  The  total  amoimt  of  nitrogen  added  to  be  ammonified  does  not  transform 
into  the  nitrogen  in  the  form  of  ammonia  in  the  process  of  ammonification. 

3.  The  amount  of  nitrogen  transformed  into  ammonia  nitrogen  is  greatly 
influenced  by  both  the  soils  and  chemical  compounds  used. 

In  conclusion,  it  is  a  pleasiire  for  the  author  to  acknowledge  his  indebted- 
ness to  Dr.  Oswald  Schreiner  and  Dr.  Elbert  C.  Lathrop,  of  the  Bureau  of 
Plant  Industry,  United  States  Department  of  Agriculture. 
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NITRIFICATION   AS   A   MEASURE   OF  THE    AVAILABILITY   OF 

DIFFERENT  FORMS  OF  CALCIUM    CARBONATE   WHEN 

EMPLOYED  AS  CORRECTORS  OF  SOIL  ACIDITY 

P.  S.  BURGESS 
Hawaiian  Sugar  Planters*  Experiment  SkUion,  Honolulu,  T,  H. 
Reoehred  for  pablkation  March  5,  1917 

Last  July  a  sample  of  finely-ground,  soft  coral  limestone  was  submitted 
to  this  laboratory  for  analysis  by  one  of  the  local  lime  companies.  A  request 
for  our  opinion  of  the  material  as  a  corrector  of  soil  acidity  accompanied  the 
sample.    The  analysis  of  this  limestone  appears  in  table  1. 

TABLE  1 

Analysis  of  soft  coral  limestone 

percnU 

Moisture 1.2 

Volatile  matter  (chiefly  Cd) ?  41.2 

SiOi,  A1,0,,  FejO, 2.4 

Lime  (CaO) 52.6 

Magnesia  (MgO) 1.3 

Phosphorus  pentoxide  (PjOi) 0.1 

Sulfur  trioxide  (SOs) 0.6 

Lime  calculated  as  carbonate 93.6 

After  receiving  the  above  report  the  company  in  question  desired  us  to 
make  a  few  tests,  if  possible  to  ascertain  the  solubility  or  availability  of  this 
finely-groimd  product  as  compared  with  coral  sand  which  at  present  is  being 
quite  generally  applied  to  soils  in  the  acid  districts.  Thinking  this  to  be  a 
subject  of  some  importance  to  the-  plantations  located  on  the  acid  soils  of 
Hawaii,  as  well  as  a  subject  of  some  scientific  interest,  a  series  of  experiments 
were  planned  to  test  out  the  relative  rates  of  availability  of  the  two  forms  of 
lime  carbonate  in  question.  The  results  of  these  experiments  form  an  excuse 
for  the  publication  of  this  article. 

There  are  two  points  to  be  recognized  and  remembered  in  reading  this 
report.  First,  coral  sand  and  finely  ground  coral  limestone  are  identical 
chemically — ^their  only  difference  lies  in  mechanical  condition,  i.e.,  degree  of 
fineness  and  hardness  of  grain.  Second,  in  applying  lime  to  sugar  cane  lands 
for  the  correction  of  soil  acidity  we  do  it,  not  so  much  to  benefit  the  cane 
plant  directly  (for  we  know  that,  if  properly  fertilized,  cane  can  be  grown  on 
very  add  soils),  as  to  enhance  beneficial  bacterial  activity.  If  this  is  accom- 
plished, available  plant-food  is  at  all  times  being  prepared,  resulting  in  a 
more  normal  feeding  of  the  cane,  and  eventually  in  increased  yields. 
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At  first  this  problem  of  lime  availability  appeared  somewhat  puzzling,  for 
time  did  not  permit  of  extended  vegetative  tests  with  growing  plants.  Further 
more,  it  is  obviously  impossible  to  add  the  materials  to  exact  neutrality  in  an 
acid  soil  and  determine  the  rates  of  availability  by  the  ordinary  lime  require- 
ment methods,  for,  if  correct  amoimts  of  the  materials  were  added  upon 
such  chemical  analysis  a  neutral  soil  would  at  all  times  result,  irrespective  of 
the  size  of  the  calcium  carbonate  particles.  In  fact,  the  Veitch  method  was 
tried  which  showed  the  futility  of  such  a  method  of  attack.  It  then  occurred 
to  the  writer  that,  while  nitrification  is  low  in  an  acid  soil,  it  picks  up  with 
remarkable  celerity  upon  the  addition  of  lime  carbonate  in  readily  aoaUdble 
forms.  On  the  other  hand,  if  lime  carbonate  is  added  in  chunks  or  in  unavail- 
able forms,  as  in  hard  shells  or  coarse  marble  fragments,  nitrification  would  be 
enhanced  but  slightly. 

The  plan  of  the  investigation  follows. 

About  100  pounds  of  a  very  acid  surface  soil  was  secured,  through  the 
courtesy  of  Mr.  W.  P.  Naquin,  from  one  of  the  upper  fields  of  the  Pacific 
Sugar  Mill  at  Kukuihaele,  Hawaii.  It  is  a  reddish  brown  clay  loam  of  con- 
siderable potential  fertility  and  previous  experiments  had  shown  it  to  con- 
tain a  nitrif 3dng  flora  which  awaited  only  a  proper  lime  application  to  render 
it  vigoroi^ly  active.    An  analysis  of  this  soil  is  given  in  table  2. 

TABLE  2 

Analysis  of  Kukuihaele  Mauka  surface  sail 

Agricultural  method  of  analysis  (1) 

Phosphoric  acid  (P,Oi) 0.88 

Potash  (K,0) 0 .  33 

Lime  (CaO) 0.31 

Total  nitrogen 0.44 

Citrate-soluble  analysis  [Dyer's  modified  method]  (1) 

Phosphoric  acid  (PjOs) 0.0018 

Potash  (K,0) 0.0283 

Lime  (CaO) 0.0560 

Lime-requirement  (Veitch  method)  1.068  per  cent  lime  carbonate  (16  tons  per  acre-foot). 

This  soil,  as  it  exists  in  the  field,  is  of  good  physical  condition  but  underlain 
at  a  depth  of  about  6  inches  by  a  heavy,  hard  subsoil  of  somewhat  lighter  color. 

The  bag  of  soil,  upon  its  arrival  at  the  laboratory,  was  air-dried  in  the  shade, 
sifted  through  a  3-mm.  sieve  and  thoroughly  mixed.  Two  hundred  and 
sixteen  100-gm.  portions  were  now  weighed  out  into  clean,  sterile  glass  tumblers 
and  covered  with  glass  Petri  dishes.  These  were  arranged  in  9  series  of  12 
duplicate  soil  cultures  each.  The  treatment  of  each  series  ¥7as  identical,  being 
as  follows: 
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NO. 

TRSATMENT 

1-  lA 

Blank  on  soil,  exactly  neutralized  with  coral  sand 

2-2A 

Blank  on  soil,  exactly  neutralized  with  ground  limestone 

3-3A 

0.3  gm.  dried  blood  added  (40.5  mgm.  N) 

4-4A 

0.3  gm.  dried  blood  neutralized  with  coral  sand 

5-5A 

0.3  gm.  dried  blood  twice  neutralized  with  coral  sand 

6^6A 

0.2  gm.  ammonium  sulfate  added  (42.4  mgm.  N) 

7-7A 

0.2  gm.  ammonium  neutralized  with  coral  sand 

&-  8A 

0.2  gm.  ammonium  twice  neutralized  with  co^  sand 

^9A 

0.3  gm.  dried  blood  added,  neutralized  with  ground  limestone 

10-lOA 

0.3  gm.  dried  blood  added,  twice  neutralized  with  ground  limestone 

•    11-llA 

0.2  gm.  ammonium  sulfate  added,  neutralized  with  ground  limestone 

12-12A 

0.2  gm.  ammonium  sulfate  added,  twice  neutralized  with  ground 

limestone 

A  brief  explanation  of  these  treatments  may  not  be  superflous.  The  coral 
sand  employed  was  of  very  good  quality.  Only  that  portion  between  O.S 
mm.  and  1mm.  in  size  was  used.  This  treatment  eliminated  all  of  the  larger 
grains  of  sand,  shells,  sticks,  pieces  of  seaweed,  etc.  Upon  anal3^is  it  was 
found  to  contain  89  per  cent  of  lime  carbonate.  An  analysis  of  the  finely- 
ground  coral  limestone  appears  in  table  1 .  In  suppl3nng  both  of  these  materials 
to  the  cultures,  allowances  were  made  for  contained  impurities  so  that  equal 
and  correct  percentages  of  lime  carbonate  (CaCOs)  were  added  in  all  cases  to 
neutralize  the  soil  acidity  exactly,  or  double  this  amount,  as  the  case  might  be. 

In  soil  cultures  1  and  lA  no  nitrogen  was  added.  Enough  coral  sand  was 
supplied  to  neutralize  the  soil  acidity  exactly. 

Soil  cultures  2  and  2A  were  treated  in  exactly  the  skme  way  as  no.  1  and 
1  A,  except  that  ground  limestone  was  here  substituted  for  the  coral  sand. 

Soil  cultures  3  and  3A  received  0.3  gm.,  of  dried  blood  only  (40.5  mgm. 
organic  nitrogen). 

Soil  culture's  4  and  4A  were  exactly  the  same  as  no.  3  and  3A,  except  that 
the  soil  acidity  was  here  exactly  neutralized  with  coral  sand. 

Soil  cultures  5  and  5A  were  the  same  as  no.  3  and  3A,  with  the  exception 
that  here  twice  as  much  coral  sand  as  required  was  added. 

Soil  cultures  6  and  6A  received  0.2  gm.  of  ammonium  sulfate  only  (42.4  mgm. 
ammonia  nitrogen). 

Soil  cultures  7  and  7 A  were  the  same  as  no.  6  and  6A,  except  that  here  enough 
coral  sand  to  neutralize  soil  acidity  exactly  was  added. 

Soil  cultures  8  and  8A  were  identical  with  no.  6  and  6A,  except  that  twice 
as  much  coral  sand  was  added  as  was  actually  needed. 

Soil  cultures  9  and  9A  received  0.3  gm.  of  dried  blood  and  exactly  enough 
groimd  coral  limestone  to  neutralize  the  soil  acidity. 

Soil  cultures  10  and  lOA  were  similar  to  no.  9  and  9A,  except  that  here  twice 
as  much  ground  limestone  was  added. 


Digitized  by 


Google 


330 


p.   S.  BURGESS 


Soil  cultures  11  and  llA  received  0.2  gm.  of  ammonium  sulfate  each  after 
being  exactly  neutralized  with  groimd  limestone. 

Soil  cultures  12  and  12 A  were  the  same  as  no.  11  and  11 A  except  that 
twice  as  much  ground  limestone  was  added. 

To  all  of  the  soil  cultures  optimum  amounts  of  sterile  distilled  water  were 
added.  The  incubation  temperature  was  28°C.  Two  cubic  centimeters  of 
water  were  added  each  week  to  each  culture  to  make  up  for  loss  from  evapora* 
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1  These  are  averages  of  closely  agreeing  duplicate  determinations. 

tion.  All  nine  series  (216  cultures)  were  started  together  on  August  7,  1916. 
As  the  chief  object  of  the  experiment  was  to  note  the  progressive  eflFect  of 
the  di£Ferent  forms  of  lime  carbonate  on  the  nitrification  of  organic  nitrogen 
and  sulfate  nitrogen,  one  series  was  dried  out  and  analyzed  for  nitrates  at  tbe 
end  of  each  period  of  2  weeks  during  the  first  16  weeks.  The  last,  series  DC, 
was  allowed  to  incubate  5  months  (20  weeks). 
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Table  3  imparts  all  of  the  data  obtained,  while  figure  1  graphically  presents 
these  same  results.  It  should  be  stated  that  nitrates  were  determined  in 
these  cultures  by  the  modified  phenoldisulphonic  acid  method  of  Gill  (2), 
calcium  carbonate  (3)  being  used  as  the  flocculating  agent. 

Before  discussing  the  data  here  presented  it  should  be  stated  that,  imder 
mainland  conditions  according  to  data  previously  secured  by  the  writer  and 
by  others,  the  amounts  of  nitrate  nitrogen  biologically  formed  during  one 

3 

coral  limestone  as  measured  by  nitriUcation^ 
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month's  incubation  period  in  soil  cultures  imder  optimum  conditions  of  mois- 
ture and  temperature  (in  an  incubator)  are  very  nearly  equivalent  to  the 
amounts  formed  in  soils  in  the  field  during  a  period  of  from  2  to  3  months.^ 
Therefore,  the  "Incubation  Period  in  Weeks"  as  shown  in  figure  1  should  in 

^  Experiments  testing  out  this  point  for  Hawaiian  soils  under  Hawaiian  dimatical  con- 
ditions are  now  being  instigated  at  this  experiment  station. 
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all  probability  be  multiplied  by  about  2  or  3  in  each  case  if  approximate  field 
conditions  are  desired. 

A  nimiber  of  very  interesting  facts  axe  shown  by  a  study  of  the  data  and 
graphs  presented.  Probably  the  most  striking  is  the  eflFect  of  the  finely- 
ground  coral  limestone  on  the  rate  of  nitrification.  This  is  especially  true 
where  ammonium  siilfate  was  used  as  the  source  of  nitrogen  (see  heavy  lines 
in  figure  1).  At  the  end  of  2  weeks,  only  8  per  cent  of  the  sulfate  nitrogen  was 
transformed  where  no  lime  was  applied.  Where  exactly  enough  groimd  lime- 
stone to  neutralize  soil  acidity  was  used,  nearly  31  per  cent  was  nitrified,  and 
where  twice  this  amoimt  was  added,  75  per  cent  of  the  sulfate  nitrogen  was 
converted  into  nitrate  in  this  previously  acid  soil.  The  same  general  trend 
is  noted  where  coral  sand  instead  of  ground  limestone  was  used,  but  the  in- 
crements of  gain  over  the  cultures  without  lime  are  here  a  little  less  than 
half  the  above. 

At  the  end  of  one  month,  where  ground  limestone  was  used,  all  of  the  added 
sulfate  nitrogen  was  nitrified,  as  well  as  a  small  amount  of  the  soil's  own 
organic  nitrogen,  while  where  coral  sand  was  added  only  about  70  per  cent 
of  the  added  nitrogen  was  transformed.  At  no  period  of  time  after  this  was 
coral  sand,  either  to  exact  neutrality  or  in  twice  this  amount,  able  to  effect 
a  nitrification  of  much  over  75  per  cent  of  the  sulfate  nitrogen  originally 
added.  On  the  other  hand,  ground  limestone,  from  the  fourth  to  the  fifteenth 
week,  in  all  cases  affected  a  complete  nitrification  of  all  added  sulfate  nitrogen. 
It  will  be  noted  that  after  about  the  fifteenth  week  there  was  a  gradual  dropping 
off  of  nitrate  in  all  of  the  cultures.  This  is  doubtless  due  in  part  to  denitri- 
fication,  in  part  to  the  complete  use  of  all  bases  present  by  the  nitrous  and 
nitric  acids  formed  by  the  nitrifying  bacteria,  and  in  part  to  the  formation  of 
other  bacterial  products  which  were  inimical  to  continued  active  bacterial 
growth.  As  will  also  be  seen,  the  additions  of  twice  the  required  amounts  of 
lime  (either  as  ground  limestone  or  as  coral  sand),  had  but  sUght  advantages 
over  those  quantities  needed  to  neutralize  soil  acidity  exactly.  The  only 
pronounced  exception  is  with  the  ground  limestone  at  the  start  of  the  incuba- 
tion period.  Here  an  excess  of  lime  appears  to  have  accelerated  considerably 
the  initial  bacterial  action. 

Where  dried  blood  was  substituted  for  ammonium  sulfate  as  the  carrier  of 
nitrogen,  the  same  general  tendencies  as  above  noted  occurred  (see  light  lines 
in  figure  1),  although  the  absolute  percentages  of  added  nitrogen  nitrified  are 
less.  At  the  end  of  4  weeks  ground  limestone  effected  over  three  times  as 
much  nitrification  (over  the  no  lime  cultures)  as  did  coral  sand,  but  this  ratio 
gradually  narrowed  with  prolonged  incubation  imtil,  at  the  end  of  14  weeks, 
the  coral  sand  was  to  the  groimd  limestone  as  8  is  to  9.  Continued  incubation 
from  this  point  had  Uttle  effect  on  nitrate  formation  where  sand  was  added, 
but  there  continued  to  be  a  slight  increase  with  the  finely-ground  limestone. 
Double  tlie  required  amoimts  of  coral  sand  (where  dried-blood  nitrogen  was 
used)  had  a  far  greater  enhancing  effect  on  nitrification  than  similar  double 
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portions  of  the  ground  limestone,  for  at  the  end  of  12  weeks  twice  the  former 
gave  approximately  the  same  amoimt  of  nitrate  formed  as  once  the  latter. 
The  reason  for  this  is  probably  to  be  found  in  the  larger  amoimt  oifine  material 
added  in  a  double  application  of  the  coral  sand,  for,  as  this  work  clearly  shows, 
the  finer  the  material  the  more  readily  it  corrects  acidity. 

The  above  discussion  has  been  based  on  the  percentage  of  added  nitrogen 
transformed.  Let  us  here  briefly  consider  the  absolide  amounts  of  nitrate 
produced.  It  will  be  remembered  that  the  same  soil  was  used  throughout, 
also  that  approximately  equal  amounts  of  nitrogen  were  in  all  cases  added 
(40.5  mgm.  as  blood  nitrogen  and  42.4  mgm.  as  ammonium  sulfate  nitrogen). 
Table  3,  shows  definitely  that,  where  no  lime  in  any  form  is  added,  larger 
quantities  of  nitrogen  are  converted  into  nitrate  from  blood  nitrogen  than 
from  sulfate  nitrogen,  but  where  litne  of  any  description  is  added  the  absolute 
reverse  is  true.  This  is  readily  explained.  Where  ammoniimi  sulfate  only  is 
applied,  the  basiC  ammonium  radicle  (NHs)  is  in  part  converted  into  nitrate, 
leaving  the  acid  sulfate  radicle  (SOs)  free.  The  latter,  combining  with  water 
(H2O),  immediately  forms  sulfiuic  acid  (H1SO4).  Thus,  as  slow  nitrification 
progresses  the  soil  becomes  more  and  more  acid  until,  as  shown  in  figure  1, 
at  the  end  of  6  weeks  such  an  excess  of  acid  has  accumulated  that  from  then 
on  nitrification  gradually  falls  off  to  the  end  of  the  experiment.  On  the  other 
hand,  when  blood  alone  is  applied,  vigorous  ammonification  at  once  sets  in 
with  an  evolution  of  far  more  basic  ammonium  carbonate  than  the  sluggish 
nitrifying  bacteria  can  oxidize.  The  result  is  that  much  of  the  soil  acidity  is 
at  once  neutralized,  which  in  turn  renders  conditions  more  favorable  to  active 
nitrification.  Thus  at  first  the  nitrificadon  of  blood  is  fairly  rapid  (fig.  1), 
but  a  time  eventually  comes  when  all  of  this  basic  ammonium  carbonate  is 
either  nitrified  or  neutralized  (at  the  end  of  10  weeks'  incubation  period). 
From  here  on  will  be  noticed  a  very  rapid  falling  off  in  the  amounts  of  nitrate 
formed,  which  continues  to  the  end  of  the  experiment.  Stated  concisely, 
organic  forms  of  nitrogen  are  always  more  quickly  and  readily  nitrified  in 
acid  soils  than  are  mineral  ammonium  salts. 

A  few  valuable  facts  are  gleaned  from  a  study  of  the  figures  presented  in 
table  3  which  are  impossible  of  graphic  representation  in  figure  1. 

When  we  consider  the  soil's  own  organic  nitrogen  (no  additions  of  either 
dried  blood  or  ammoniimi  sulfate)  we  find  that  it  makes  practically  no  differ- 
ence as  to  absolute  amoimts  of  nitrogen  nitrified  whether  coral  sand  or  finely 
ground  limestone  is  used,  although  slightly  quicker  action  is  secured  from 
applications  of  the  latter.  Averaging  all  of  the  figures  throughout  the  20 
weeks'  test  we  have,  where  sand  was  applied,  1.75  per  cent  of  the  soil's  nitrogen 
nitrified;  where  groimd  limestone  was  used,  1.86  per  cent,  and  where  no  lime 
was  employed  0.36  per  cent.  The  reason  for  the  close  approach  of  sand  to 
'  groimd  limestone  where  the  soil's  own  organic  nitrogen  was  concerned  is  prob- 
ably to  be  found  in  the  fact  that  here  such  small  amounts  of  nitric  add  are 
produced  that  enough  very  fine  material  is  present  in  the  sand  added  to  neu- 
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tralize  it,  as  well  as  the  more  active  soil  acidity.  Experiments  pertaining 
to  the  efifect  of  partially  neutralizing  soil  acidity  on  the  nitrification  of  the 
soil's  own  organic  nitrogen,  sulfate  nitrogen  and  blood  nitrogen,  are  now  in 
progress  at  this  station. 

Considering  absolute  amounts  of  nitrogen  made  available  (transformed  to 
nitrate),  it  is  noteworthy  that  an  application  of  the  required  amoimt  of  lime 
to  this  soil  without  added  nitrogen  supplies  more  nitrate  to  the  growing  cane 
through  the  nitrification  of  the  soil's  own  organic  nitrogen  than  an  application 
of  li  tons  per  acre  of  ammonium  sulfate  without  lime,  and  four-fifths  as  much 
as  an  application  of  1  ton  of  dried  blood  without  lime,  provided  moisture  and 
temperature  conditions  are  suitable.  In  other  words,  lime  and  no  fertilizer 
(except  nitrates)  could  here  pay  better  than  fertilizer  and  no  lime. 

CONCLUSIONS 

Taking  the  average  figures  for  each  2-week  incubation  period  throughout 
the  20  weeks  (see  last  two  columns  of  figures  in  table  3)  the  following  con- 
clusions may  be  drawn 

1.  Where  no  additions  of  nitrogen  are  made,  coral  sand  and  ground  coral 
limestone  are  about  equally  effective  in  enhancing  the  nitrification  of  an  acid 
soil's  own  organic  nitrogen.  After  neutrali,zing  Hawaii  acid  soils,  the  average 
amounts  of  nitrate  formed  over  a  period  of  S  months  under  optimum  conditions 
are  comparatively  small. 

2.  The  increment  of  gain  in  nitrate  formed  over  the  soil  exactly  neutralized, 
due  to  adding  twice  the  amoimts  of  lime  required  (either  as  coral  sand  or  as 
ground  limestone),  is  too  slight  to  warrant  double  applications.  Twice  the 
required  amoimts  of  coral  sand  effect  a  greater  increase  in  nitrate  produced 
over  the  soils  exactly  neutralized  than  do  twice  the  amounts  of  finely-groimd 
coral  limestone. 

3.  Where  coral  sand  was  used  in  sufficient  amounts  to  bring  the  soils  to 
exact  neutrality,  the  following  percentages  of  gain  over  the  soils  to  which  no 
lime  in  any  form  was  added,  are  indicated: 

per  eent 

No  nitrogen  added  (soil's  own  nitrogen) 486 

Dried  blood  nitrogen  added 165 

Ammonium  sulfate  nitrogen  added 398 

4.  Where  finely-ground  coral  limestone  was  used  to  neutrality,  the  following 
percentages  of  gain  over  the  "no  lime"  cultures  are  indicated: 

p€r  cent 

No  nitrogen  added  (soil's  own  nitrogen) 518 

Dried  blood  nitrogen  added 2v?5 

Ammonium  sulfate  nitrogen  added 608 

5.  Comparing  the  average  percentage  of  increased  nitrate  production,  due 
to  neutralizing  exactly  the  soil  with  coral  sand,  with  that  brought  about  by 
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the  addition  of  finely-ground  coral  lunestone,  where  both  ammonium  sulfate 
nitrogen  and  dried  blood  nitrogen  were  supplied,  we  have,  as  a  general  average 
over  the  entire  incubation  period  of  5  months,  an  increase  of  281  per  cent  due  to 
sand  applications  and  an  increase  of  421  per  cent  due  to  ground  limestone 
applications.  From  these  figures  a  simple  ratio  shows  that,  when  lime  avail- 
ability is  measured  in  the  soil  by  enhanced  nitrification,  1  ton  of  the  finely- 
ground  limestone  is  practically  equivalent,  in  neutralizing  soil  acidity,  to  1.5 
tons  of  the  best  grade  of  coral  sand. 
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The  authors  of  this  paper  suggested  in  an  earlier  publication^  the  use  of 
sulfur  as  a  means  for  making  available  the  phosphorus  in  ground  phosphate 
rock.  They  showed  that  ground  sulfur  may  be  used  successfully  for  this  pur- 
pose. Eiq)eriments  conducted  since  then  have  confirmed  the  earlier  results 
and  will  be  reported  at  a  later  date.  It  is  the  purpose  of  the  authors  to 
record  in  this  paper  the  results  secured  in  vegetation  experiments  from  ground 
phosphate  rock  otherwise  untreated^  from  ground  phosphate  rock  previously 
composted  with  sulfur,  and  from  acid  phosphate.  In  arranging  for  these  vege- 
tation experiments,  it  was  felt  that  the  availabiUty  of  the  phosphate  rock 
previously  composted  with  sulfur  should  be  demonstrated  not  merely  by  chemi- 
cal tests,  but  also  by  actual  tests  with  plants.  Accordingly,  quantities  of 
ground  phosphate  rock  (floats),  ground  phosphate  rock  previously  composted 
with  sulfur,  and  acid  phosphate,  containing  equivalent  amounts  of  phosphorus, 
were  used  in  the  pot  experiments  described  in  the  following  pages.  The 
experiments  were  carried  out  by  means  of  glazed  earthenware  pots  of  1  gallon 
capacity.  In  the  series  in  which  cabbage  was  grown,  however,  2-gallon  pots 
were  used.  In  each  pot  there  was  placed  10  pounds  of  white  quartz  sand  and, 
in  addition,  5  gm.  of  calcium  carbonate,  1  gm.  of  potassium  sulfate,  0.25  gm. 
of  magnesium  sulfate,  0.12  gm.  of  ferric  sulfate  and  1.5  gm.  of  sodium  nitrate. 
In  order  to  eliminate  sulfur  as  a  Umiting  factor,  pots  1,  2,  3  and  4  in  each  series 
received  additions  of  calcium  sulfate  equivalent  in  amount  to  that  contained 
in  the  sulfur-floats  mixture.  The  additions  described  above  provided,  there- 
fore, all  of  the  essential  plant-food  constituents  except  phosphorus.  The 
special  treatment  consisted  of  applications  of  no  phosphorus  in  pots  1  and  2 
of  each  series;  of  ground  phosphate  rock  in  pots  3  and  4  of  each  series;  of  ground 
phosphate  rock  and  sulfur  previously  composted  in  pots  5  and  6  of  each  series, 
and  of  acid  phosphate  in  pots  7  and  8  of  each  series.  The  amoimt  of  phos- 
phorus actually  furnished  was  equivalent  in  each  case  to  that  contained  in  1  gm. 
of  floats.  The  fertilizer  materials  were  added  to  the  10  pounds  of  sand  used 
in  each  pot  and  thoroughly  mixed  with  the  sand  in  a  flat  pan  before  they  were 
transferred  to  the  pots.    However,  in  the  series  in  which  cabbage  was  grown, 

^  lipman,  J.  G.,  McLean,  H.  C,  and  Lint,  H.  C,  1916.  Sulfur  oxidation  in  soils  and  its 
e£fect  on  the  availability  of  mineral  phosphates.    In  Soil  Sd.,  vol.  2,  no.  6,  p.  499-538. 
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20  poTinds  of  sand  and  double  quantities  of  the  different  fertilizer  materials 
were  employed.  There  were,  in  all,  11  series  of  8  pots  each.  The  crops 
grown  in  the  tests  included  cabbage,  rape,  buckwheat,  soybeans,  com,  sorghum, 
barley,  millet,  turnips,  wax  beans  and  alfalfa.  The  plants  grown  in  each  series 
were  thinned  out  to  leave  the  same  number  of  plants  per  pot.  The  number  of 
these  varied  with  the  crop  grown.  The  moisture  content  was  maintained 
during  the  experiment  at  about  10  per  cent. 

It  was  observed  soon  after  germinaticn  that  the  plants  in  the  pots  which 
received  no  additions  of  phosphorus,  and  in  those  which  received  additions 
of  floats,  made  very  slight  growth.  On  the  other  hand,  the  plants  in  the 
pots  which  had  received  additions  of  floats  previously  composted  with  sulfur, 
and  in  those  treated  with  acid  phosphate,  made  very  good  growth.  After 
several  weeks  the  crops  were  photographed  and  harvested.  After  thorough 
drying,  records  were  made  of  the  dry  weights  of  the  plants  harvested  from  each 
pot.  These  weights  are  recorded  in  table  1 .  After  the  first  crop  was  harvested, 
the  sand  in  each  pot  was  thoroughly  stirred  with  a  trowel  and  a  second 
application  of  1  gm.  of  sodium  nitrate  was  made  in  order  to  preclude  the 
possibility  of  nitrogen  becoming  the  limiting  factor  in  production.  Without 
further  treatment  a  residual  crop  was  grown  in  all  but  three  of  the  series.  The 
residual  crops  were  later  harvested,  dried  and  their  weights  recorded.  A 
record  also  of  these  weights  appears  in  table  1.  Photographs  showing  the 
appearance  of  the  plants  in  three  of  the  series  are  given  in  plate  1. 

An  examination  of  the  table  will  show  that  the  different  crops  showed 
marked  variations  in  their  ability  to  utilize  the  phosphorus  in  the  floats.  It 
is  particulariy  interesting  to  note  that  buckwheat  was  able  to  make  very  good 
growth  in  pots  3  and  4  in  which  floats  were  the  only  source  of  phosphorus. 
Also,  cabbage  and  rape  were  able  to  utilize  the  phosphorus  of  floats  to  a  fairly 
marked  extent.  On  the  other  hand,  turnips,  barley,  millet,  soybeans,  wax 
beans,  alfalfa,  com  and  sorghum  were  unable  to  utilize  the  phosphorus  in 
floats  to  an  appreciable  extent.  These  results  indicate  a  practical  application 
in  that  floats,  now  unquestionably  the  cheapest  source  of  phosphorus,  might 
be  used  for  the  growing  of  buckwheat,  the  latter  to  be  turned  under  as  a  green 
manure.  In  this  manner,  buckwheat  might  be  used  as  a  means  for  supplying 
phosphorus  at  a  low  cost  to  small  grains,  com  and  some  of  the  legumes. 

It  might  also  be  noted  that  the  floats  previously  composted  with  sulfur 
became  a  very  satisfactory  source  of  phosphorus.  This  was,  of  course,  ex- 
pected, since  analyses  of  the  composted  mixtures  of  floats  and  sulfur  showed 
that  in  a  period  of  30  weeks  most  of  the  phosphorus  in  the  floats  had  become 
available,  according  to  the  method  of  the  Association  of  Official  Agricultural 
Chemists.  It  will  be  observed  that,  in  the  case  of  the  rape,  turnips,  buck- 
wheat, barley,  millet,  soybeans,  wax  beans  and  sorghum,  the  floats-sulfur 
compost  was  as  effective  as  the  acid  phosphate.  Where  these  crops  were 
followed  by  residual  crops,  viz.,  millet,  com  and  sorghum,  the  floats-sulfur 
compost  also  showed  up  to  good  advantage.    On  the  other  hand,  in  the  case 
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TABLE  1 
The  influence  of  treated  phosphates  on  the  yields  of  dry  maiter 


Wekht 
crop 


Average 


Incieaae 
over  check 


SXSn>UALCSOP 


Wcijrht 
crop 


Average 


Increase 
over 
check 


OVERGHBCX 
—BOTH 
CROPS 


Cabbage 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


r«iM 

groMs 

1.50 

1.10 

1.30 

4.25 

3.40 

3.83 

9.35 

6.30 

7.83 

11.55 

13.03 

12.29 

2.53 

6.53 

10.99 


Com 

grams 

grams 

3.40 

4.00 

3.70 

4.20 

3.75 

3.98 

17.00 

19.40 

18.20 

39.25 

40.75 

40.05 

grams 

0.28 
14.50 
36.35 


Rape 


Maiet 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


1.20 
4.90 
3.85 
6.70 
8.50 
8.90 
8.46 
8.35 


3.05 
5.28 
8.70 
8.41 


2.23 
5.65 
5.36 


0.20 

0.85 

0.53 

0.35 

1.25 

0.80 

9.20 

8.15 

8.68 

9.85 

0.00 

9.93 

0.27 
8.15 
9.40 


Turnips 


1  Check  (no  phosphors) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  add  phosphate 


0.25 

0.25 

0.25 

0.70 

0.50 

0.60 

9.75 

10.40 

10.08 

10.80 

9.25 

10.03 

0.35 


9.83 


9.78 


Millet 

0.40 

0.40 

0.40 

0.60 

0.60 

0.60 

7.50 

7.25 

7.38 

9.00 

9.00 

9.00 

0.20 
6.98 
8.60 


Buckwheat 


Millet 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


5.20 

5.40 

5.30 

12.20 

12.90 

12.55 

13.40 

13.80 

13.60 

14.00 

14.80 

14.40 

7.25 
8.30 
9.10 


0.30 

0.25 

0.28 

2.85 

1.60 

2.23 

8.55 

10.25 

9.40 

11.50 

10.75 

11.13 

1.95 

9.12 

10.85 


2.81 
21.03 

47.34 


2.50 
13.80 
14.76 


0.55 
16.81 
18.38 


9.20 
17.42 
19.95 
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TABLE  1— (Continued) 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


Wetsht 
crop 


Average 


Increase 
over check 


Barley 

grams 

grams 

1.05 

1.10 

1.08 

1.55 

1.25 

1.40 

7.60 

8.05 

7.83 

8.00 

7.80 

7.90 

0.32 
6.75 
6.82 


Maiet 


XESlDUAl  <abOP 


Weight 

ot 
crop 


Average 


Incieaae 
over 
cbcck 


TOTAL 
IKXBAS2 

OVEKCBBTK 


Com 

grams 

grams 

3.50 

2.75 

3.13 

3.20 

3.15 

3.18 

6.25 

4.25 

5.25 

6.80 

5.70 

6.25 

0.05 
2.12 
3.12 


Sorghum 

0.65 

0.75 

0.70 

0.90 

0.90 

0.90 

2.75 

1.50 

2.13 

2.10 

0.75 

1.43 

gr^ms 

0,37 
8.87 
9.94 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus). . . . 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


0.35 

0.45 

0.55 

0.60 

16.00 

14.55 

15.20 

15.30 


0.40 

0.58 

15.28 

15.25 


0.18 
14.88 
14.85 


0.20 
1.43 
0.73 


0.38 
16.31 
15.58 


Soy  Beans 


Corn 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


9.80 

10.15 

10.48 

8.90 

10.95 

9.93 

27.70 

25.50 

26.60 

24.10 

24.50 

24.30 

(-0.55) 
16.12 
13.82 


3.08 

4.60 

3.84 

4.35 

3.95 

4.15 

10.35 

12.15 

11.25 

11.20 

12.30 

11.75 

0.31 
7.41 
7.91 


(-0.24) 
23.53 
21.73 


Wax  Beana 


1  Check  (no  phosphorus) 

2  Check  (no  phosphorus) 

3  Raw  rock  phosphate 

4  Raw  rock  phosphate 

5  Compost 

6  Compost 

7  Commercial  acid  phosphate 

8  Commercial  acid  phosphate 


7.70 

7.50 

7.60 

6.70 

9.10 

7.90 

12.20 

12.60 

12.40 

13.10 

12.30 

12.70 

0.30 
4.80 
5.10 


Millet 

0.35 

0.35 

0.35 

0.85 

0.65 

0.75 

7.00 

4.00 

5.50 

6.00 

6.25 

6.13 

0.40 
5.15 
5.78 


0.70 

9.95 

10.88 
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TABLE  1— (Concluded) 


Check  (no  phosphorus) 

Check  (no  phosphorus) 

Raw  rock  phosphate 

Raw  rock  phosphate 

Compost 

Compost 

Commercial  add  phosphate 
Commercial  acid  phosphate 


Check  (no  phosphorus) 

Check  (no  phosphorus; 

Raw  rock  phosphate 

Raw  rock  phosphate 

Compost 

Compost 

Commercial  acid  phosphate 
Commercial  acid  phosphate 


Check  (no  phosphorus) 

Check  (no  phosphorus) 

Raw  rock  phosphate 

Raw  rock  phosphate 

Compost 

Compost 

Commercial  add  phosphate 
Commercial  add  phosphate 


Wekbt 
of      Average 
crop 


Increaae 
over  check 


Alfalfa 


rams 

grams 

0.20 

0.15 

0.18 

0.18 

0.15 

0.17 

1.80 

1.75 

1.78 

4.30 

4.50 

4.30 

grams 

(-0.01) 
1.60 
3.12 


Com 


3.00 

2.40 

3.35 

2.80 

10.70 

11.50 

14.80 

13.60 


2.70 

3.08 

11.10 

14.20 


0.38 

8.40 

11.50 


Sorghum 


0.70 

0.40 

1.20 

0.90 

9.90 

12.25 

12.20 

10.90 


0.55 

1.05 

11.08 

11.55 


0.50 
10.53 
11.00 


Wekht 
crop 


Aventge 


Incxeaae 
over 
check 


TOTAL 

BICKSASB 

OVBRCHBCX 


fr«Ml 


grams 


grams 


grams 


of  cabbage  followed  by  com,  the  acid  phosphate  was  distinctly  superior  to  the 
floats-suUur  compost.  The  discrepancy  in  this  particular  series  is  difficult 
to  account  for  and  will  be  made  the  subject  of  further  study.  Meanwhile, 
it  is  sufficient  to  state  in  this  preliminary  paper  that  floats  properly  composted 
with  ground  sulfur  may  become  a  source  of  available  phosphorus,  as  shown 
both  by  chemical  analyses  and  by  vegetation  tests. 

SUMMARY 

1.  It  has  been  shown  in  this  paper  that  some  crops  can  utilize  the  phos- 
phorus in  floats  to  good  advantage.    This  is  particularly  true  of  buckwh^t. 

2.  The  ability  of  buckwheat  to  use  effectively  the  phosphorus  of  ground,  but 
otherwise  untreated)  phosphate  rock  suggests  that  this  crop  may  be  made  a 
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valuable  gxeen  manure  and  employed  to  increase  the  content  in  the  soil  of 
organic  matter  and  of  available  phosphorus. 

3.  Ground  phosphate  rock  properly  composted  with  ground  sulfur,  becomes 
a  source  of  available  phosphorus  and  may  be  employed  to  advantage  as  a 
substitute  for  add  phosphate. 


Plate  1 
Pot  2,  no  phosphorus;  pot  4,  floats;  pot  6,  compost;  pot  8,  commercial  add  phosphate. 
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DffiECTORY  OF  FERTILIZER  MANUFACTURERS  AND  DEALERS 
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Keystone  Bone  Fertilizer  Company 

Office 
15  NORTH  FIFTH  STREET 

Works 

25th  WARD 

PHILADELPHIA  PENNA. 


N.  J.  Fertilizer  &  Chemical  Co. 

Works 

Croxton,  Jersey  City,  N.  J. 

Office 

136  Water  St.  New  York  City 


The  Pbosi^bate  Mining  Company 

Manufacturers  of 

Acid  Phosphate 

124  Bay  St.,  East  Savannah,  Georgia 

RASIN  -  MONUMENTAL   CO. 

S«bm4iary  ef  tke 

VmGIKIA-CAROLINA  CHBMICAL  CO. 

Manufacturers  of 

Fertilizers  and  Sttlphuric  Add 
BALTIMORE  MARYLAND 

F.  S.  ROYSTER  GUANO  CO. 
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DIRECTORY  OF 
Lime  Manufacturers  and  Dealers 


Edison    Pulverized   Limestone    Co. 


No.  8  West  40th  St. 
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The  Freas'  Electric  Incubator 

Approved  by  the  National  Board  of  Fire  Underwriters 

Universally  recognized  as  the  most  accurate  and  durable 
incubator  availabUf  and  the  only  type  that  can  be  depended 
upon  for  continuous  unattended  operation.  Made  in  six  sizes. 

The  undermentioned  advantages  of  the  Freas*  Electric  Incubator 
strongly  recommend  its  use— where  electricity  is  avail- 
able—in preference  to  any  other  incubator. 

1.  The  almost  perfect  insulation  against  loss  of  heat  bv  radiation  cuts  down  the 
current  consumption  to  about  one-half  that  required  for  other  forms.  This  im- 
plies less  heating  up  of  the  laboratory,  less  strain  on  the  wiring,  less  danger  of 
sparking,  and  in  general  longer  and  more  satisfactory  service. 

2.  The  "all-metar*  regulating  device  main- 
tains constant  temperature  indefinitely 
to  a  fraction  of  a  degree. 

3.  To  set  for  the  temperature  desired  re- 
quires but  a  few  moments  of  time.  This 
is  accomplished  by  simply  turning  a 
milled-head  screw,  which  moves  the  in- 
dicator up  or  down  the  graduated  tem- 
perature scale. 

Contrast  this  with  the  time  required  to  set 
a  mercury  or  other  regulator  of  the  most 
advanced  type;  the  continuous  watching 
required  on  account  of  the  uncertainty  of 
its  proper  and  accurate  regulation. 

4.  There  are  no  complicated  devices  for 
heating,  regulation,  etc.  The  rugged 
construction  of  all  parts  of  the  Freas' 
Incubator  is  such  that,  with  ordinary 
care,  no  parts  are  liable  to  get  out  of 
order. 

5.  Water  is  not  required,  nor  employed,  to 
maintain  an  even  temperature  through- 
out the  chamber,  thereby  eliminating 
leakage,  a  disadvantage  so  common  with 

copper  incubators.     The  specifications  explain  the  reasons  for  this  advantage 
of  the  Freas'  Incubator. 

6.  No  auxiliary  devices  are  needed.  To  operate,  it  is  only  necessary  to  screw  the 
plug  into  a  lamp  socket,  and  turn  on  the  current.  The  incubator  will  operate 
on  either  direct  or  alternating  current.     Wlien  ordering  specify  the  voltage, 
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48  Sparks  St.,  OTTAWA,  CANADA 
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BECKMANNI  THERMOMETERS 

OF  AMERICAN  MAKE  AND  EQUAL  IN  ACCURACY  AND  WORK- 
MANSHIP TO  THOSE  HERETOFORE  IMPORTED 

FURNISHED  EITHER  WITH  OR  WITHOUT  U.S. 
BUREAU  OF  STANDARDS  CERTIFICATE 

48288A.    Thermometer,  Beckmann.    American  make.    With  scale  held  in  place 
by  glass  sealing;  with  auxiliary  scale  with  range  from  10  to  120^0.  in  2* 
divisions  under  reservoir ;  for  use  by  either  boiling  point 
or  freezing  point  method;  range  5**  or   6°C.   divided  in 
1/lOOth  degrees.     Highly  recommended  and  widely  used  in 
calorimetry. 

Without  Certificate $18.00  net 

With  U.  S.  Bureau  of  Standards  Certificate 33.00  net 

48292A.  Thermometer,  Beckmann,  similar  to  48288A  as  to  range  and 
accuracy,  but  with  improved  adjustment  of  auxiliary  scale 
by  means  of  controlled  mercury  drops  instead  of  by  tapping. 
To  accomplish  this  a  short  capillary  "A''  is  introduced  in  the 
lower  part  of  the  reservoir.  The  opening  of  this  capillary  is 
adjusted  for  delivering  a  controlled  drop  of  mercury  of 
definite  equivalent  in  degrees  C,  which  information  is  en- 
graved on  the  scale  of  each  thermometer  as,  for  instance,  ''1 
drop  =  1®C."  This  arrangement  prevents  the  dropping 
down  of  the  mercury  when  an  upward  movement  is  necessary, 
and  superfluous  mercury  may  be  transferred  to  the  two 
arms  at  the  side  of  the  reservoir  by  simply  inclining  the         

thermometer.    When  a  reservoir  has  become  filled  during     Arrangement 

•       t#  .11  ^    of  auxiliary 

transportation  it  will  empty  itself  automatically  if  the   Scale  in  No. 

thermometer  is  held  perpendicularly.     In  other  reservoir   capuiary^'f^ 
arrangements  this  is  frequently  prevented  by  the  small   JSrydrooe'*'^ 
particles  of  air  which  are  often  present  in  thermometers  of 
best  make.    In  this  new  arrangement  such  air  particles  are  caught  and 
held  below  the  inlet  in  the  reservoir.     This  arrangement  makes  possible 
very  exact  setting,  greater  durability  and  less  risk  of  breakage  in  trans- 
portation and  obviates  continuous  tapping  down  of  the  mercury  column 
as  heretofore  practiced. 

Without  Certificate $30.00  net 

With  U.  S.  Bureau  of  Standards  Certificate 45.00  net 

NOTE — Where  customers  prefer,  uncertified  thermometers  will  be  sent  to  the 
Bureau  of  Standards  for  certification.  The  Bureau's  fee  for  this  service  is 
SIO.OO,  which  is  the  price  charged  by  us  under  such  circumstances,  plus  the 
cost  of  transportation  and  with  risk  of  breakage  in  testing  and  transit 
assumed  by  the  customer.  The  time  usually  required  is  from  two  to  three 
months.  When  thermometers  are  desired  with  Bureau  of  Standards  certifi- 
cate for  immediate  delivery  from  our  stock  we  make  a  charge  of  $15.00  for 
this  certificate,  which  includes  the  cost  of  transportation  to  and  from  the 
Bureau  and  the  risk  of  breakage  is  assumed  by  us. 

No.  48288A  Price*  auhject  to  change  without  notice 
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LABORATORY 

APPARATUS 


No.  9080 


9078.  Filter,  Briggs'  Design,  of  brass,  silver  plated  inside 

Net  $15.00 

9079.  Filter,  Briggs'  Design,  of  iron,  porcelain  lined.  .Net  $10.00 

9080.  Filter  and  Pump.     Filter  similar  to  No.  9078  with 

compression  pump  and  air  tank Net  $20.00 

9081.  Filter  Field  Set.     Four  No.  9078  Filters  with  air 

reservoir,  compression  pump  and  gauge. . .  .Net  $95.00 

9082.  Filter  Field  Set.     Same  as  No.  9081,  but  with  four 

No.  9079  Filters Net  $80.00 


CENTRAL  SCIENTIFIC  COMPANY 
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j     Sulphate    of    Ammonia     I 

I  is  an  important  nitrogenous  fertilizer,  made  by  a 
process— the  by-product  coke  oven— that  is  essen- 
tial to  the  conservation  of  our  national  coal  supply. 


J 


It  is  made  in  an  American  plant  from  American  coal,  facts 

I         that  have  lately  acquired  a  new  significance.  f 

J         It  is  our  main  reliance  in  the  present  nitrogen  shortage  but  J 

f         there  is  enough  wasted  in  the  beehive  coke  ovens  to  double  \ 

our  present  supply.  i 

-          Scientific  agriculturists  can  help  this  by  pointing  out  the  i 

J         need  of  this  wasted  ammonia  in  agriculture,  and  the  most  I 

effective  methods  of  using  it.  I 

^         ARCADIAN  Sulphate  of  Ammonia  is  kiln-dried  and  ground  • 

^         and  can  readily  be  drilled  in  by  itself  or  used  in  mixtures.  j 

I  I 
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THE  INFLUENCE  OF  SODIUM  NITRATE  UPON  NITROGEN  TRANS- 
FORMATIONS  IN  SOILS  WITH  SPECIAL  REFERENCE  TO 
ITS  AVAILABILITY  AND  THAT  OF  OTHER  NITROGENOUS 
MANURES 

DAVID  A.  COLEMAN 
From  the  Department  of  Soil  Chemistry  and  Bacteriology,  Rutgers  College^ 

Received  for  publication,  May  1,  1917 
FOREWORD 

For  a  proper  understanding  of  our  subject  it  is  necessary  at  the  outset  to 
realize  the  conditions  and  factors  influencing  plant  growth.  Plant  nutrition, 
is  a  complicated  process,  due  to  the  fact  that  plants  synthesize. their  own 
plant-food  from  various  substances  taken  out  of  the  air  and  soil.  These 
materials  consist  of  carbon  dioxide,  water,  oxygen,  and  suitable  compounds 
of  nitrogen,  phosphorus,  potassiimi,  sulfur,  calcium,  iron,  and,  to  a  less  extent, 
manganese  and  silicon. 

Aside  from  the  variations  in  the  feeding  of  the  plants,  per  se,  the  forces 
which  afifect  the  nutrition  of  plants  may  be  designated  as  chemical,  physical 
and  biological. 

Soils  are  chemically  imlike  because  of  their  varied  origins  and  processes  of 
formation.  The  product  of  disintegrated  rock  and  decayed  vegetable  matter, 
they  partake  of  the  nature  of  the  materials  from  which  they  are  formed.  The 
natural  processes  of  rock  disintegration,  uneven  weathering  of  rocks  of  vary- 
ing^t)^es,  combined  with  the  mechanical  and  chemical  action  of  water,  etc., 
have  rearranged,  sifted,  and  sorted  the  various  materials  once  distributed 
with  some  uniformity  into  soils  of  many  different  types.  Moreover,  not  only 
do  they  contain  mineral  plant-foods  in  sundry  combinations,  but  also  air, 
water  and  heat.  The  proper  aeration  of  the  soil,  its  adequate  food  supply, 
its  warmth,  are  as  essential  to  plant  growth,  as  is  fertility,  using  the  word 
in  the  narrower  sense.  They  contribute  to  its  development  in  that  they  are 
among  the  agencies  at  work  in  the  preparation  of  available  plant-food.  The 
relationship  of  soil  air  in  opening  up  the  soil  and  rendering  it  permeable  to 
water;  the  relationship  of  water  to  solution,  and  of  heat  to  ease  of  solution, 
are  very  potent  factors  in  soil  fertility.  A  dense  and  compact  soil  being  slowly- 
penetrable  by  water  yields  its  plant-food  slowly  and  successive  crop  growth 
does  not  occur.  Per  contra,  from  a  too  open  soil  the  water  rapidly  removes 
such  plant-food  as  is  soluble  and  the  crop  starves. 

*  Presented  to  the  faculty  of  Rutgers  College  in  partial  fulfillment  of  the  requirements 
for  the  degree  of  Doctor  of  Philosophy. 
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The  countless  myriads  of  microorganisms  in  the  soil  are  important  factors 
in  plant  nutrition.  The  modem  concept  of  the  soil  is  that  it  is  a  living  entity 
rather  chan  a  dead  mass,  a  work  shop  in  a  store  house,  wherein  microscopic 
forms  axe  actively  transforming  the  complex  raw  materials  of  the  soil  into 
simple  forms  suited  for  plant-food.  Since  their  function  viewed  from  the 
standpoint  of  soil  management  is  the  development  of  plant  nutrients  in  the 
soil  it  follows  that  soil  conditions  which  favor  their  growth  enhance,  and  such 
as  retard  their  multiplication  lessen,  the  crop-producing  power  of  the  soil. 

The  climatic  vagaries  which  are  most  apt  to  be  harmjful  are  the  lack  or 
excess  of  moisture.  Moving  through  the  soil  colunm  of  varying  depths  ^nd 
structure,  the  amount  of  this  material  supplied  to  plants,  as  well  as  the  rate 
at  which  it  is  furnished,  is  of  considerable  importance  to  the  maintenance  of 
crop  yield,  regulating  as  it  does  the  assimulation  of  food  through  the  roots 
of  the  plants. 

Of  the  plant-foods  above  mentioned,  nitrogen  is  probably  the  most  affected 
by  these  physical-chemical-biological  forces.  Because  of  the  meager  supply 
of  this  element  in  the  soil  and  its  urgent  need  for  the  rational  feeding  of  plants, 
a  knowledge  of  the  influences  that  these  forces  exert  on  nitrogen  transforma- 
tions in  soils  is  of  considerable  significance. 

The  economic  problem  of  the  nitrogen  feeding  of  plants  is  of  vital  impor- 
tance and  becomes  more  and  more  urgent  as  time  goes  on  and  populations 
increase,  and  their  needs  become  more  complex.  The  physical  and  chemical 
influences  which  regulate  the  value  of  nitrogenous  manures  have  been  studied 
in  detail  by  numerous  investigators.  The  biological  phase  has  been  touched 
upon  at  various  times. 

It  is  the  purpose  of  this  thesis  to  consider,  under  a  wide  range  of  conditions, 
the  biological  phase  of  the  soil  nitrogen  problem;  noting  the  effect  of  fertilizer 
applications  upon  nitrogen  transformations  in  soils  in  the  hope  that  a  more 
proper  understanding  may  be  reached  with  regard  to  the  action  of  certain 
fertilizers  frequently  observed  in  fertilizer  practices. 

INTRODUCTION 

Nitrogen,  the  plant-food  element  of  the  greatest  significance  in  the  nutri- 
tion of  plants,  is  fast  becoming  a  limiting  factor  in  crop  production.  With 
the  increase  in  the  world's  population  new  efforts  have  been  constantly  put 
forth  to  raise  more  and  larger  crops.  Consequently,  the  soil's  nitrogen  supply 
is  being  slowly  but  surely  exhausted  and  means  for  its  replenishment  must 
assume  consideration  in  the  working  out  of  soil  problems. 

As  is  well  known,  there  are  two  main  methods  by  which  the  nitrogen  balance 
in  the  soil  may  be  maintained,  i.e.,  the  growing  of  legumes,  which  when  in 
s)rmbiotic  relationship  with  Bacillus  radicicola  add  considerable  quantities  of 
nitrogen  to  the  soil,  and  also  the  use  of  nitrogen-carrying  materials  of  dif- 
ferent kinds.    With  the  possible  exception  of  the  nitrogen  which  may  be 
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brought  down  in  the  snow  and  rain,  and  that  fixed  by  non-symbiotic  nitrogen- 
fixing  bacteria  in  soils  with  proper  energy  relations,  these  two  above-men- 
tioned agencies  are  practically  the  only  ones  now  available  in  keeping  up  the 
nitrogen  supply  of  the  soil. 

A  considerable  amount  of  data  has  been  submitted  to  show  the  value  of 
legumes  in  adding  nitrogen  to  the  soil.  The  experiments,  in  the  main,  recom- 
mend the  growing  of  legumes  more  often  than  is  now  practised,  in  order  that 
the  nitrogen  balance  be  maintained.  Unfortunately,  our  present  economic 
conditions  do  not  allow  us  to  do  this  very  conveniently,  the  ordinary  three, 
four  and  five-year  rotation,  with  a  legume  once  in  this  period,  being  the 
common  practice.  It  would  seem,  moreover,  that  the  crop  immediately 
succeeding  the  legume  would  be  the  one  benefited  most  advantageously.  In- 
deed, those  crops  some  distance  from  the  legume,  in  general,  are  often  left 
nitrogen-himgry. 

Necessarily,  then,  we  must  look  to  the  second  source  for  supplying  us  with 
this  most  valuable  element  of  plant  nutrition.  In  this  country  there  is  spent 
annually  some  $32,000,000  for  combined  nitrogen.  This  represents  a  large 
outlay  of  money  and  well  merits  the  most  careful  attention  of  those  who  are 
to  purchase  nitrogen-carrying  materials. 

In  choosing  his  source  of  combined  nitrogen  the  purchaser  has  a  wide 
variety  of  materials  to  select  from,  such  as  the  mineral  nitrogen  carriers — 
NaNOa,  (NH4)iS04,  CaCN2,  and  Ca(N08)2— the  ammoniated  superphos- 
phates, and  the  organic  materials,  of  which  dried  blood,  fish  scrap,  farm  and 
green  manures  are  representative. 

From  our  chemical  conception  of  such  materials  we  would  expect  rather 
marked  responses  from  crops  to  any  equivalent  quantity  of  nitrogen  in  the 
above-cited  materials.  Necessarily  then,  one  cannot  be  too  circumspect 
in  choosing  the  material  which  would  net  him  the  greatest  return  for  the 
money  invested. 

PART  I 

A  review  of  the  literature  concerning  the  availabiliiy  of  nitrogenous  manures 

The  earliest  fertilizing  practices  probably  go  back  to  the  time  of  the 
Romans.  Kimberley  (85)  in  1839  writes  that  saltpetre  was  known  and  used 
as  long  ago  as  the  time  of  Virgil.  Palissy  (134)  also  remarked  as  early  as 
1563,  "You  will  admit  that  when  you  bring  dung  into  the  field  it  is  to  return 
to  the  soil  something  that  has  been  taken  away." 

About  1650  Glauber  (49)  in  seeking  for  the  principle  of  vegetation  set  up 
the  hypothesis  that  it  was  saltpetre.  Finding  this  material  in  the  earth 
cleared  from  cattle  sheds  and  applying  it  to  soils,  he  found  that  it  produced 
enormous  yields.  He  likewise  concluded  that  the  fertilizing  value  of  hair, 
bone,  and  shoddy  was  due  to  the  saltpetre  it  contained. 

Kimberley  (85)  also  writes  of  English  farmers  testing  the  effect  of  different 
manures  as  early  as  1670,  and  likewise  quotes  experiments  down  to  1828. 
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During  the  second  quarter  of  the  nineteenth  century  England  and  Europe 
saw  the  importation  of  large  quantities  of  guano,  nitrate  salts  and  ammonia 
carriers.  The  results  that  these  fertilizers  produced  were  very  astounding 
and  greater  importations  took  place.  English  farmers  carried  out  any  num- 
ber of  experiments  with  regard  to  their  value,  but  like  all  experiments  of  this 
time  they  showed  irregularities  hard  to  explain.  Moreover,  considerable 
opposition  was  experienced  from  the  teachings  of  Liebig(99),who  preached 
eloquently  against  their  use.  Gtradually,  however,  their  use  became  more 
extant  in  agricultural  practices,  thereby  bringing  to  the  front  the  fundamental 
question  concerning  their  use,  i.e.,  their  efficiency,  or  availability. 

The  prerequisite  for  such  an  imderstanding  was  a  certain  advance  in  chemical 
knowledge,  which  happily  took  place.  Chemical  analyses  showed  that  the 
various  nitrogenous  manures  varied  greatly  in  their  nitrogen  content,  and 
likewise  in  their  fertilizing  value.  Tables  were  therefore  constructed  with  the 
values  of  the  manures  in  the  order  of  their  nitrogen  content.  No  value  was 
assigned  to  the  character  of  the  nitrogen,  it  seeming  immaterial  whether  it 
was  in  the  form  of.  nitrates,  bones,  leather,  rape  seed  or  whatnot. 

As  experimentation  went  on,  however,  it  was  noticed  that  manures  with 
equal  nitrogen  contents  had  very  diflFerent  fertilizing  values.  Guano  exceeded 
all  others  in  fertilizing  value,  and  its  action  was,  likewise,  more  quickly  per- 
ceptible than  that  of  any  of  the  other  forms  supplying  the  same  amount  of 
nitrogen;  something  in  the  makeup  was  lacking  in  the  others.  Chemical  an- 
alysis showed  it  to  be  rich  in  ammonia  and  since  ammonia  was  already  known 
as  a  plant-food  it  seemed  quite  easy  to  explain  the  rapid  action  of  guano. 

From  this  time  on  then,  there  was  a  distinction  between  what  Liebig  (99) 
called  digestible  and  undigestible  plant-food.  The  former  included  ammonia 
and  nitrates,  and  the  latter  those  which  became  available  only  when  the  nitro- 
gen was  converted  into  ammonia. 

The  fact  that  they  now  had  a  definite  compound  which  they  could  weigh 
and  calculate  upon  was  a  distinct  advance  in  the  availability  question,  allow- 
ing extensive  experimental  investigation.  We  thus  had  an  imending  number 
of  field  experiments  in  England  and  upon  the  Continent,  the  various  nitro- 
genous materials  including  NaNOj,  KN03,Ca(N0j)j,  (NH4)2S04,  (NH4)C1  and 
a  lai:ge  number  of  organic  nitrogen  carriers  such  as  the  bloods,  fish  scrap,  rape 
meal,  and  the  guanos  being  compared  as  to  their  value  for  the  nitrogen  feed- 
ing of  plants. 

To  these  early  experiments  belong  the  work  of  Lawes  (96)  in  England, 
Boussingault  (IS)  in  France,  S.  W.  Johnson  (96)  Ritthausen,  (153)  Kncp, 
(88)  Deherain,  (24)  Maerker,  (118)  and  Ville  (201).  These  investigators, 
testing  out  the  various  nitrogenous  manures  on  hundreds  of  soils,  with  dif- 
ferent crops  and  under  diflFerent  climatic  conditions,  came  to  the  conclusion 
that  an  equal  quantity  of  nitrogen  in  the  form  of  nitrates  was  better  than 
the  same  quantity  of  nitrogen  as  ammonia,  and  this  in  turn  was  better  than 
an  equal  quantity  in  organic  forms. 
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However,  there  is  much  justifiable  objection  to  this  early  work.  In  many 
cases  no  provision  was  made  for  the  elimination  of  all  but  one  limiting  factor. 
Uniform  soil  conditions  and  the  presence  of  an  abundant  supply  of  mineral 
plant-foods,  were  lacking  in  many  instances,  making  the  results  open  to 
question  and  criticism. 

In  1881  Wagner  (209)  was  led  to  propose  the  elimination  of  the  cumbersome 
field  trials  and  substitute  for  them  pot  and  cylinder  experiments.  These 
methods  of  study,  he  ajgued,  would  allow  of  the  more  perfect  control  of  the 
various  factors  in  crop  production.  The  tenability  of  his  claims  was  only 
too  apparent  and  thus  we  see  the  development  of  pot  and  cylinder  experiments 
on  a  large  scale  by  investigators  the  world  over. 

Wagner  (208)  himself  carried  out  an  immense  amount  of  research  on  the 
nitrogen  feeding  of  plants,  directing  especial  attention  to  the  value  of  nitrate 
of  soda  as  a  nitrogenous  manure  in  comparison  with  a  large  number  of  fer- 
tilizing materials.  His  work  entailed  a  study  of  the  recovery  of  the  nitrogen 
applied  in  different  forms  by  numerous  crops,  among  which  may  be  cited- rye, 
barley,  oats,  winter  wheat,  mangolds,  spring  wheat,  mustard,  carrots,  pota- 
toes and  sugar  beets;  and  under  numerous  soil  conditions  such  as  moisture, 
temperature,  reaction  and  physical  and  chemical  composition. 

As  a  general  thing  he  found  in  round  numbers  that  out  of  every  100  parts 
of  nitrogen  supplied  to  the  crop  in  the  form  of  nitrate  of  soda,  70  parts  were 
returned  in  the  crop,  whereas,  with  ammonium  sulfate  from  the  same  100 
p>arts  applied,  he  found  returned  in  the  crop  56  parts.  This  recovery,  how- 
ever, varied  slightly  with  his  crops;  root  crops  or  those  crops  having  a  long- 
growing  season  giving  a  higher  recovery  than  short-season  crops.  His  nitro- 
gen returns  in  fertilizing  oats  were  74  parts,  with  rye  61,  wheat  60,  barley 
64,  mustard  55,  rape  57,  flax  77,  potatoes  90,  and  carrots  91,  when  100  parts 
of  nitrate  of  soda  were  used.  Similarly  when  ammonium  sulfate  was  supplied, 
out  of  every  100  parts  there  was  returned  in  oats  61,  rye  56,  barley  54,  mustard 
51,  rape  39,  flax  64  and  carrots  72.  His  recoveries  with  the  other  organic 
manures  were  correspondingly  smaller,  varying  with  the  quality  of  the  mater- 
ials supplied. 

Taking  into  consideration  all  of  the  factors  which  would  be  involved  in 
■  the  action  of  these  manures,  such  as  a  deficiency  of  lime  in  the  case  of  am- 
monium salts,  liability  to  leaching  of  nitrates,  the  gradual  action  of  organic 
manures,  which  is  quite  desirable  in  some  cases,  he  worked  out  a  table  of 
efliciencies  giving  the  recovery  from  nitrate  of  soda  a  value  of  100.  Basing 
his  other  figures  upon  this  he  gives  for  ammonium  sulfate  a  value  of  90,  for 
dried  blcod  a  value  of  70,  manure  45,  and  wool  and  leather  30  and  20,  re- 
spectively. Checking  his  pot  and  cylinder  experiments  against  field  trials, 
with  the  same  fertilizers  he  obtained  the  same  order  of  availability  although 
his  relative  values  became  somewhat  lower.  In  his  field  trials  ammonium 
sulfate  was  assigned  a  value  of  75  instead  of  90,  as  was  foimd  in  his  pot  work. 

As  reported  in  another  publication  (211)  he  repeated  his  first  researches 
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in  34  distinct  experiments  on  9  different  soils  and  came  to  practically  the 
same  conclusions  as  he  had  previously  reached. 

However,  in  giving  out  these  values  he  warns  against  generalizing  too  far. 
Organic  nitrogen,  he  argues,  caimot  always  be  substituted  for  nitrate  nitro- 
gen, and  conversely,  nitrate  nitrogen  can  not  always  replace  organic  nitrogen. 

A  vast  amount  of  research  has  taken  place  since*  Wagner  (209)  first  sug- 
gested his  principles  for  studying  the  values  of  fertilizers.  Some  of  the  more 
important  contributions  a^re  summarized  in  the  following  pages,  particular 
attention  being  paid  to  the  investigations  of  the  last  twenty  years.  For  the 
sake  of  coherency  the  literature  is  summarized  in  groups  which  take  up  in  turn: 
(1)  the  relative  abiUty  of  (NH4)2S04;  (2)  the  value  of  the  new  synthetic  manures 
CaCNa  and  Ca(N08)2;  (3)  the  eflBciency  of  the  higher  grade  organic  materials — 
dried  blood,  rape  meal,  cottonseed  meal,  etc.,  and  (4)  the  lower  grade  nitro- 
gen carriers — animal  excrement,  wool  waste  and  the  like. 

Following  closely  upon  the  publication  of  Wagner  and  Dorsch's  (208)  work 
in  1892  we  find  Grandeau  and  Bertman  (52)  reporting  along  similar  lines  from 
France.  In  a  field  experiment  for  the  seasons  1892-1897,  growing  com, 
oats,  wheat  and  potatoes,  they  compared  the  relative  values  of  NaNQs, 
(NH4)2S04  and  dried  blood,  and  assigned  for  them  the  figures  100,  82.90  and 
71.30. 

A  year  later,  Thome  (192)  in  a  2-year  field  experiment  compared  NaNOs 
and  (NH4)2S04  on  a  rotation  of  com,  oats,  wheat  and  clover  and  reports  a 
slightly  higher  value,  namely  84,  for  (NH4)2S04. 

In  1900,  Warington  (215)  in  speaking  of  the  fertilizing  experiments  at 
Wobum  and  Rothamsted  said  that  for  cereals  (NHi)2S04  had  a  value  of  93, 
for  hay  88,  for  mangels  82  and  for  turnips  100  when  the  action  of  an  equi\'a- 
lent  quantity  of  NaNOj  is  valued  at  100. 

Pfeiffer  (141),  in  the  same  year,  reports  as  a  result  of  a  3-year  pot  experi- 
ment with  oats,  mustard,  and  carrots  as  the  crops,  that  (NH4)2S04  should 
be  valued  at  87  if  NaNOs  is  to  be  valued  at  100. 

Von  Feilitzen  (35),  concludes  from  seven  trials  with  (NH4)2S04  in  moor 
soils  that  it  should  have  a  value  of  91.  In  one  trial  with  barley  in  a  loam 
soil  he  got  a  value  of  75,  and  with  rye  on  a  sandy  loam  he  obtained  a  value 
of  75  also. 

Von  Sigmond  (204)  published  the  results  of  his  pot-e;^riments  in  1904. 
Using  a  poor  sandy  well  well  provided  withUime  he  secured  an  availability 
of  90  for  (NH4)2S04  when  wheat,  rape  and  buckwheat  were  grown. 

Krietschmer  (93),  reporting  cooperative  experiments  from  the  Bonn, 
Bemberg,  Halle  and  Koslin  Stations  in  Germany  by  the  Wagner  (209)  method, 
confirms  in  general  the  latter's  conclusions,  although  noting  some  exceptions. 

As  a  result  of  pot  experiments  comparing  the  relative  values  of  sodium 
nitrate  and  ammonium  sulfate  for  the  oat  crop,  Steiglich  (178)  would  assign 
ammonium  sulfate  a  value  of  95,  Sjollema  (173),  95,  Hansen  (61),  91,  Soder- 
baum  (175,  176,  177),  88-95,  Schreiber  (168),  77  and  Siebelien  (172),  59.5. 


Digitized  by 


Google 


SODIUM  NITRATE  AND  NITROGEN   TRANSFORMATIONS  351 

For  the  wheat  crop  Vauha  (200)  reports  a  value  of  96  and  Soderbaum  (175, 
176,  177),  88.  Likewise  Berry  (9),  Behrens  (6),  Kuhnert  (95),  Liebenberg 
(98),  and  Schneidewind  (164,  165,  166),  all  report  greater  values  for  sodium 
nitrate  than  ammonium  sulfate  for  the  growth  of  smaU  grains. 

As  a  fertilizer  for  com  and  carrots,  Schreiber  (168)  values  ammonium  sul- 
fate at  77.    In  limed  soils,  however,  he  raises  this  value  to  81. 

Reporting  the  results  of  five  years  of  experimentation  at  the  Danish  Experi- 
ment Stations,  Hansen  (61)  concludes  that  for  root  crops  ammonium  sulfate 
should  have  a  value  of  71. 

Somewhat  higher  results,  on  the  other  hand,  were  obtained  by  VanHock 
(198),  in  the  Netherlands.  This  author  finds  a  value  of  99.5  for  sugar  beets, 
and  for  grains  a  value  of  97.5.  For  potatoes  (NH4)2S04  gave  him  better 
results  on  peat  soils,  but  on  the  other  types  of  soil  NaNOs  was  superior. 
Vauha  (200),  on  the  other  hand,  found  a  value  of  66  for  root  crops,  while  Von 
Feilitzen  (35)  gives  it  a  value  of  86  for  these  crops.  Grieg  (56)  and  Schmoe- 
ger  (162)  also  foimd  NaNOs  superior  to  (Na^jSOi  for  potatoes.  Malpeaux 
(121)  in  testing  the  eflFect  of  these  two  fertilizers  on  mangels  reports  the  test 
results  from  the  fertilization  with  NaNOs- 

In  a  series  of  field  experiments  at  the  Maryland  Agricultural  Experiment 
Station,  Patterson  (137)  states  that  (NH4)2S04  has  not  given  as  good  results 
as  NaNOs  imder  any  conditions.  At  Rhode  Island  Wheeler  (220)  found  that 
the  action  of  (NH^)2S04  was  greatly  accelerated  by  the  presence  of  lime. 
This  is  likewise  the  experience  of  the  Pennsylvania  Station  (221).  Regard- 
ing the  influence  of  lime  upon  the  action  of  (NH4)2S04,  Graudeau  (51)  sa)^ 
that  from  his  work  he  would  give  it  a  value  of  80  in  unlimed  soils,  in  moderately 
limed  soils  86,  but  in  heavily  limed  soils  a  much  lower  figure,  63,  due  no  doubt 
to  the  loss  by  volatilization. 

Perhaps  the  most  authoritative  work  in  this  country  on  the  subject  of 
availability  has  been  carried  out  at  the  New  Jersey  Agricultural  Experiment 
Stations.  This  work  was  started  by  Voorhees  and  Lipman  (205)  in  1898, 
and  is  in  operation  at  the  present  day. 

In  a  15-year  cylinder  experiment,  with  three  5-year  rotations  of  com,  oats 
2  years,  wheat  and  grass,  Voorhees  and  Lipman  (205),  and  very  recently  Lip- 
man  and  Blair  (107)  have  found  that  by  giving  NaNOs  a  value  of  100, 
(NH4)tS04  should  be  valued  at  65.  The  fact  that  this  experiment  has  been 
running  for  so  long  a  period  and  has  been  carried  out  under  such  a  diversity  of 
conditions  should  establish  it  as  one  of  the  most  authoritative  in  the  world 
on  the  availability  question. 

Others  who  have  contributed  to  the  availability  question  showing  the  su- 
periority of  NaNOs  over  (NH4)2S04are  Bassler  (5),  Petermann(139),Hasselhof 
(66,  67),  Eckenbrick  (30),  deGrazia  (54),  Gaskill  (39)  and  Gerlach  (40). 

It  is  not  difficult  to  find  experiments  where  (NH4)2S04  has  given  results 
equal  or  even  superior  to  NaNOs. 

Otto  (133)  reports  that  in  light  sandy  soils,  in  warm  wet  seasons  (NH4)2S04 
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gav€  him  better  results  than  NaNO,.    Kelky  (80),  KeUner  (84),  Trelles 
(194),  all  report  the  better  action  of  (NH*)iSOi  in  the  growing  of  rice. 

Popisilki's  (142)  work  shows  the  same  general  phenomena,  as  well  as  that 
of  Kleberger  (86),  von  Feilitzen  (35)  Kreitschmer  (93),  namely,  that  on  open 
sandy  soils  in  climates  of  abimdant  rainfall,  (NH4)iS04  is  liable  to  give  better 
returns  than  NaNOs. 

Clausen  (18),  Wehnert  (219),  Bachmann  (4),  Suchtmg  (187)  Soderbetum 
(175,  176,  177),  Lilenthal-Guethin  (100),  Orchimkov  (132)  and  Wein  (216, 
217),  all  report  (NH4)2S04  equal  or  superior  to  NaNQa  in  its  action. 

These  numerous  experiments  with  (NH4)2S04  show  a  wide  range  of  returns, 
in  some  cases  going  above,  sometimes  below,  and  in  other  cases  equal  to 
NaNOs.  We  may,  with  propriety,  inquire  into  the  imderlying  causes  of  such 
results. 

In  attempting  to  explain  such  phenomena  Wagner  (208)  considers  the 
presence  or  absence  of  lime  of  the  greatest  importance.  In  one  of  his  experi- 
ments he  found  that  without  lime  (NH4)2S04  has  a  value  of  28,  whereas  when 
lime  was  present,  this  same  relative  eflSciency  became  90.  This  same  opinion 
finds  credence  in  the  work  of  Clausen  (18),  Bassler  (5),  Deherain  (24), 
Graudeau  (51),  HasselhoflF  (66, 67),  Hasselbarth  (65),  Patterson  (137),  Wheeler 
(220),  Volecker  (203),  Thome  (193),  White  (221),  Lipmanand  Blair  (107) 
and  a  host  of  others  too  numerous  to  mention.  This  great  necessity  of  lime 
as  an  aid  to  the  rapid  nitrification  of  jfertilizing  materials  has  also  been  shown 
in  the  laboratory  by  Miintz  and  Girad  (129),  Schloessing  (160),  Withers  and 
Fraps  (224),  Warington  (215)  and  others.  A  good  bibliography  concerning 
the  influence  of  lime  on  the  nitrification  process  may  be  f oifed  in  the  work  of 
Kopeloff  (91). 

A  second  theory  to  the  effect  that  the  inferiority  of  (NH4)2S04  as  compared 
with  NaNOa  finds  support  in  the  teachings  of  S.  W.  Johnson  (76).  This  in- 
vestigator believes  that  the  inferiority  of  amLmoniimi  sulfate  is  due  to  its  be- 
coming fixed  in  the  clayey  portions  of  the  soil.  This  view  is  also  held  by 
Wagner  (211),  Pfeiffer  (140)  and  Lohnis  (115).  Pfeiffer  found  that,  in  some 
cases,  the  amimonia  became  so  securely  fixed,  to  added  zeolites  of  calcium, 
that  the  plants  were  not  able  to  use  it. 

This  explanation  is  somewhat  at  a  variance  with  our  knowledge  of  soil  nitri- 
fication processes.  We  knOw  from  Dyer^s  (29)  work  at  the  Rothamsted 
Station  that  nitrification  proceeds  very  rapidly.  In  fact  this  investigator 
writes  ''the  application  of  ammonium  sulfate  is  in  fact  virtually  tantamount 
to  our  application  of  riitrates."  If  such  be  the  case  very  large  amounts  can- 
not be  held  very  firmly  fixed  in  the  soil. 

Yet  another  theory  advanced  by  such  authors  as  Schneidewind  and  Meyer 
(164),  and  Gerlach  and  Vogel  (45),  is  to  the  effect  that  certain  plants  have 
selective  tastes  for  either  nitrate  or  anmioniacal  nitrogen.  Again  we  know 
from  investigations  of  (iodlewiski  (50),  Tacke  (190),  and  Imihendorf  (74), 
that  in  the  nitrification  process  there  may  be  a  loss  of  elementary  nitrogen. 
If  such  is  the  case  the  differences  in  availability  are  easily  comprehended. 
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As  ammonia  and  nitrates  are  quickly  transformed  into  protein  forms  within 
the  microbial  cell,  we  have  yet  another  explanation  for  the  differences  in  the 
fertilizing  values  of  the  two  salts.  Being  taken  out  of  the  s)rstem  by  the 
microorganisms,  it  may  or  may  not  become  available  again  during  the  current 
growing  season.  '  Moreover,  the  remineralizing  of  the  nitrogen  is  attendant 
with  the  same  liability  to  loss  as  is  ammonium  sulfate  itself.  With  regard  to 
this  last-mentioned  theory  Wagner  (211),  thinks  it  is  of  a  minor  nature.  He 
seems  to  be  supported  in  his  contention  by  the  work  of  Vogel  (202).  Con- 
trary to  this,  however,  are  a  number  of  experiments  to  show  that  soluble  forms 
of  nitrogen  are  readily  assimilated  when  suitable  energy  relations  are  present. 
In  this  connection  one  may  cite  the  works  of  Biereima  (10),  Doryland  (27), 
Stocklassa  (179),  Lutz  (117),  Stutzer  and  Rothe  (186),  and  Kruger  and 
Schneidewind  (94). 

Lemmermann  (97)  and  his  collaborators  have  shown  that  slight  losses  of 
ammonia  occur  in  soils  treated  with  heavy  applications  of  lime  and  ammonium 
sulfate.  They  are  of  the  opinion,  however,  that  under  practical  field  conditions 
this  will  not  happen.  Hall  and  Miller  (60)  found  that  more  ammonia  col- 
lected in  vessels  containing  acid  when  placed  over  fields  recently  manured  with 
ammonium  sulfate,  than  on  the  imtreated  plots.  Ehrenberg  (32)  records  that 
when  large  quantities  of  ammonium  si^ate  and  calcium  oxide  are  applied  to 
soils  there  are  considerable  losses  by  volatilization,  varying  with  the  wind. 
Potter  and  Snyder  (143),  in  reviewing  this  literature,  state  that^  the  results 
are  conflicting  and  proceed  to  show  that  under  ordinary  field  conditions  ap- 
preciable quantities  of  ammonia  are  lost. 

Wagner  (208),  also  points  out  that  applications  of  mineral  nitrogenous 
fertilizers  may  even  entirely  fail.  It  may  happen  that  the  peculiar  effect  of 
the  nitrogen  taken  up  by  the  plant  is  restricted  to  an  increase  of  the  total 
nitrogen  of  the  crop,  without  at  all  leading  to  an  increase  in  crop  yield.  It 
is  clearly  brought  out  by  him  that  when  the  soil  itself  is  capable  of  fumisihing 
enouigh  of  nitrogen  for  practically  a  maximum  plant  growth,  then  the  addition 
of  sodium  nitrate  or  any  other  soluble  form  of  nitrogen  cannot  materially  in- 
crease the  quantity  of  the  produce. 

Summarizing  the  explanations  for  the  differences  in  availability  between 
sodium  nitrate  and  ammonium  sulfate  we  have:  (a)  the  lack  of  lime,  (b)  fixa- 
tion by  soil  zeolites,  (c)  selective  preference  for  the  source  of  nitrogen,  (d) 
loss  of  elementary  nitrogen  in  the  nitrification  process,  (e)  the  transforma- 
tion of  soluble  nitrogen  into  microbial  protein,  (f )  loss  of  f  lee  ammonia  in  soils 
heavily  limed,  (g)  lack  of  effort  due  to  the  soil's  own  nitrogen  supply. 

The  instances  where  ammonium  sulfate  has  shown  to  better  advantage 
than  equal  quantities  of  nitrogen  in  sodium  nitrate  are  not  hard  to  explain. 
We  may  conceive  of  conditions  which  miUtate  against  the  very  advantages 
of  sodium  nitrate.  Its  ready  solubility,  ease  of  diffusion,  renders  it  readily 
subject  to  removal  in  periods  of  excessive  rainfall.  Ammonium  salts,  on  the 
other  hand,  because  of  the  fact  that  the  very  valuable  portion  becomes  tem- 
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porarily  fixed,  is  less  liable  to  loss  by  leaching.  Thus  on  open  sandy  soils, 
sodium  nitrate  has  been  found  to  give  inferior  residts  compared  with  ammonium 
sulfate  if  the  seasons  are  wet.  Again,  on  heavy  soils,  continued  one-sided  ferti- 
lization with  sodiimi  nitrate  may  leave  residues  that  are  detrimental  to  the 
physical  structure  of  the  same. 

Of  comparatively  recent  origin  are  the  newer  synthetic  nitrogenous  manures, 
calcium  cyanamid  and  calcium  nitrate.  Their  recent  entrance  into  the  ferti- 
lizer trade  has  not  militated  against  an  accumulation  of  experimental  data  to 
attest  their  value.  In  reviewing  this  portion  of  the  availability  literature, 
experiments  with  calcium  cyanamide  seemed  to  hold  an  important  place. 

Wagner  (210),  who  was  among  the  first  to  experiment  with  this  new  fertilizer 
from  a  result  of  pot  experiments  with  carrots,  oats,  barley,  fodder  and  sugar 
beets,  on  nine  different  kinds  of  soils,  concludes  that  it  was  equal  in  value  to 
ammonium  sulfate  having  a  relative  availability  of  about  90.  He  advises, 
however,  that  it  be  applied  several  days  before  planting  and  only  upon  soils 
in  good  physical  condition. 

In  direct  contradiction  to  this  is  the  work  of  Svoboda  (189)  and  Kuhnert 
(95).  Svoboda,  testing  this  manure  on  the  growth  of  fodder  beets  and  pota- 
toes, obtained  absolutely  negative  results;  Kuhnert  found  in  fertilizing  sugar 
beets  that  he  obtained  a  financial  loss.  With  oats  he  secured  somewhat 
better  results,  but  the  increase  did  not  pay  for  the  cost  of  the  fertilizer.  These 
negative  results  are  no  doubt  due  to  the  fact  that  they  used  large  quantities 
on  very  poor  soils. 

Schneidewin^  (166,  167),  Soderbaum  (175,  176,  177),  Vauha  (200),  Rhodin 
(150),  Urban  (197),  Rossler  (154),  Hansen  (61),  Libenberg  (98),  Schulze  (170), 
Sebelien  (172)  and  Sjollema  (174),  found  somewhat  lower  values  with  the  use 
of  this  material.  Hansen,  Schneidewind,  Urban,  and  Vauha  record  a  value  of 
41,  68.5,  86  and  58,  respectively,  when  NaNOs  is  considered  as  equal  to  100. 
Urban,  however,  finds  that  his  value  fluctuates  with  the  rainfall,  reaching 
much  lower  values  in  dry  Seasons. 

For  the  oat  crop  Soderbaum  (175, 176, 177)  gives  a  value  of  92,  for  rye  from 
44  to  69,  and  for  wheat  61  to  68.  Schneidewind  (166,  167)  gives  it  a  value 
of  89  and  Vauha  (200)  89  for  wheat.  Likewise  Stutzer  (185)  and  Sebelein 
(172)  have  also  reported  e:q)eriments  to  attest  the  value  of  Ca(CN)2  on  small 
grains.  The  former  records  a  value  of  82  for  the  oat  crop  and  the  latter  54, 
all  the  above  values  being  calculated  on  NaNOs  as  100.  On  the  other  hand, 
Hendrick  (70)  and  Molinari  (128)  report  that  Ca(CN)2  was  as  eflFective  as 
(NH4)2S04.  Others  who  have  reported  similar  conclusions  are  Miintz  and 
Nottin  (130),  Uchiyama  (196),  Rhodin  (150),  Sjollema  and  de  Weldt  (174),  and 
Bassler  (5).  Sjollema  (173)  reports  to  a  value  of  120  for  it  with  NaNQj  as 
100  and  Bassler  rated  it  at  103  from  the  results  of  his  work. 

Soderbaum  (175,  176,  177)  reports  that  with  small  and  large  amounts  of 
the  fertilizer,  he  obtained  inferior  results  as  compared  with  NaNOs,  but  with 
intermediate  amoimts,  50  poimds  per  acre,  he  received  better  results. 
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As  a  top-dressing  material  this  fertilizer  seems  to  be  very  unfavorable. 
Gilchrist  (48),  Grieg  (56),  Schidtze  (170),  and  Wein  (216)  all  report  injurious 
effects  from  its  use  for  this  purpose,  due  to  the  very  drastic  action  it  has  upon 
the  foliage. 

A  survey  of  the  literature  also  seems  to  indicate  that  some  little  time  needs 
to  elapse  between  the  application  of  this  fertilizer  and  the  planting  of  the  crop. 
Behrens  (6),  Haselhoff  (66),  Kahn  (78),  Knierim  (87),  Otto  (133),  SteigHch 
(178),  Wagner  (210)  and  Zeilstroff  (226)  have  published  work  relating  to  the 
time  which  should  elapse  between  application  and  planting.  Behrens  thinks 
that  six  days  are  enough,  while  Haselhoff  goes  so  far  as  to  advise  fall  applica- 
tion. Kahn  would  recommend  thirty  days  in  light  sandy  soils  and  Knierim, 
Otto,  and  Zeilstroff  recommend  from  one  week  to  fifteen  days. 

Soil  conditions  also  seem  to  be  a  much  more  important  factor  for  the  best 
action  of  this  manure  than  of  NaNOs  or  (NH4)2S04.  Immendorf  (75)  says  it 
is  not  adapted  to  acid  or  light  sandy  soils.  This  idea  finds  confirmation  in 
the  work  of  Sebelien  (172)  who  gave  it  a  value  of  22  for  the  mustard  ciop  in 
a  light  sandy  soil.  Remy  (148)  is  of  the  opinion  that  its  most  favorable  action 
is  on  clay  soils.  He  says  that  four  weeks  are  necessary  to  overcome  its  toxic 
effects.  Uchiyama  (196)  concludes  that  neutral  soils  are  best  and  sandy 
soils  are  very  bad  for  its  action.  This  is  especially  so  in  dry  seasons  Gilchrist 
(48)  reports,  and  is  supported  in  this  respect  by  Urban  (197)  and  deGrazia  (53). 

A  summary  of  the  effect  of  lime  nitrogen  as  reported  by  various  European 
investigators  is  to  the  effect  that  it  is  not  adapted  to  acid  humus,  or  light  sandy 
soils.  Its  action,  however,  can  be  improved  on  such  soils  by  means  of  lime, 
the  best  results  being  obtained  on  fine-textured  soils,  rich  in  lime  and  organic 
matter,  and  well  supplied  with  microorganisms  which  can  convert  it  into 
ammonia  and  nitrates.  As  a  general  average  it  would  seem  that  it  had  a 
fertilizing  value  somewhat  inferior  to  (NH4)2S04,  the  best  results  being  ob- 
tained with  potatoes,  the  poorest  with  beets,  and  intermediate  results  with 
grains.  When  bacterial  action  is  deficient  dicyanamid  if  formed  which  is 
very  injurious  to  plants.  If  moisture  is  a  factor  or  lime  is  deficient  ammonia 
is  formed  by  chemical  means.  Thus  the  need  of  a  potent  soil  flora  is  very 
evident  for  the  success  of  this  fertilizer. 

Calcium  nitrate  in  all  possibility  occupies  a  position  in  the  availability  table 
similar  to  that  of  NaNOs.  A  number  of  investigators  have  reported  that  in 
soils  deficient  in  lime  this  fertilizer  gives  results  quite  superior  to  NaNOs.  This 
seems  to  have  been  the  experience  of  Wagner  (211)  and  Stutzer  (184,  185), 
in  their  availability  studies  on  potatoes,  oats  and  sugar  beets.  Schloessing 
(161),  SebeUen  (172),  Steglich  (178),  Schneidewind  (166,  167),  Passerin  (136), 
Limay  (101),  Stohr  (181)  and  Belleroux  (8),  all  conclude  that  Ca(NQ3)2  is  equal 
to  NaNOs.  There  are  some  dissentors,  Greig  (56),  Rhodin  (151),  Hansen  (61), 
Dudgeon  (28),  and  Bassler  (5)  finding  that  NaNOs  gave  them  the  best  results. 
Grieg  (56)  finds  that  Ca(NOs)  did  not  give  him  good  results  on  potatoes  and 
Rodin  (151)  notes  that  on  crops  like  oats,  not  requiring  lime  to  any  great 
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extent,  Ca(NQ3)i  was  inferior  to  NaNOf.  Hansen  (61)  reports  a  value  of  76 
for  roots  and  88  for  grains.  Bassler  (5)  commenting  on  its  use  in  moor  loamy 
soils  for  rye  and  oats,  gives  it  a  value  of  96  for  both  crops.  Gerlach's  (43) 
field  experiments  would  give  it  a  value  of  74,  whereas  his  pot  experiments 
value  it  at  103.  Soderbaum  (176,  177),  also  considers  Ca(NQ8)t  of  less  value 
for  grains,  giving  it  a  value  of  about  96.  Schneidewind  (166, 167)  and  Rhodm 
(151)  in  later  papers  give  it  a  value  of  96  and  98,  respectively.  It  would  seem 
then,  taking  everything  by  and  large,  that  this  fertilizer  is  practically  equal  to 
Na,NOs,  provided  its  poisonous  principles,  i.e.,  nitrites,  are  absent. 

The  organic  sources  of  nitrogen  are  as  numerous  as  the  experiments  record- 
ing them.  Under  this  heading  come  the  effectiveness  of  the  various  guanos, 
blood,  bone,  fish  and  meat  meals,  farm  and  green  manures,  as  well  as  the 
extremely  inert  substances  such  as  peat,  leather  and  wool  waste. 

In  discussing  the  availability  of  the  guanos  Wagner  (208)  says  that  fish 
guano  has  a  value  of  78  when  (NH4)iS04  is  valued  at  100.  The  same  author 
gives  Diunaia  guano  a  value  of  91 ,  and  Peruvian  guano  a  value  of  87.  Schneide- 
wind (166)  considers  animal  guano  at  67  and  Pfeiffer  (141)  sees  in  fish  guano 
a  value  of  64.  Most  of  these  experiments  with  guano  seem  to  have  been  carried 
out  with  no  attention  to  the  fact  that  this  material  also  contains  large  quanti- 
ties of  phosphoric  acid.  In  this  connection  might  be  cited  the  work  of  the 
Rhode  Island  Experiment  Station  (63)  on  the  phosphoric  acid  value  of  different 
guanos. 

Various  authors  have  worked  upon  the  eflSciency  of  farm  manures.  Ger- 
lach  (41)  gives  stable  manure  a  value  of  41,  and  cow  manure  18,  when  NaNQi 
is  considered  at  100. 

Voorhees  and  Lipman  (206)  differentiate  the  values  of  the  different  portions 
of  manure,  assigning  a  value  of  35.9  for  solid  fresh  manure,  for  the  liquid  and 
solid  together  53,  and  liquid  portion  leached  43.  Lipman  and  Blair  (107) 
continuing  the  experiment,  have  obtained  similar  figimes. 

By  means  of  pot  experiments  Von  Sigmond  (204)  also  obtained  data  for 
the  value  of  manure  in  different  conditions;  calling  NaNQj  100,  he  gives  for 
fresh  manure  in  the  spring  a  value  of  49,  the  same  applied  in  the  fall  48,  rotted 
manure  applied  in  the  spring  a  value  of  42  and  for  rotted  manure  applied  in 
the  fall  58. 

Gilchrist  (47)  used  fresh  manure,  manure  kept  long  enough  to  be  in  good 
appUcable  condition  and  old  manure  stored  in  a  heap  for  months,  and  found  that 
that  which  had  not  been  stored  too  long  gave  the  best  results. 

Rudorf  (155)  gives  cow  manure  a  value  of  23.3.  Maercker  (119)  who  has 
also  worked  on  the  availability  of  cow  manure  gives  it  a  much  lower  value 
than  this.  Pfeiffer  (141)  gave  sheep  manure  a  value  of  48.2,  horse  29,  cattle 
26,  and  barnyard  manure  19.2  when  NaNOj  was  considered  as  100. 

Schneidewind  (163)  in  field  experiments  received  a  recovery  of  only  8.13 
per  cent  of  the  nitrogen  applied  in  three  years.  Pfeiffer  (141),  on  the  other 
hand,  in  the  course  of  three  years  obtained  a  recovery  of  48.4  per  cent  on 
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the  first  year  with  potatoes,  9.8  per  cent  and  4.3  per  cent,  respectively,  with 
rye  and  carrots  the  second  year  and  only  0.8  per  cent  the  third  year.  He 
recovered  in  all  63.4  per  cent  in  the  three  years.  His  recoveries  are  abnormal 
however,  because  of  the  open  sandy  soil  he  employed  and  an  abundant  supply 
of  lime  and  minerals. 

A  similar  experiment  is  reported  by  Schulze  (171)  who  gives  much  lower 
results  than  those  reported  above.  In  a  4-)^ar  experiment  his  total  recovery 
was  23  per  cent;  43  per  cent  of  this  was  obtained  the  first  year,  27  per  cent 
the  second  year,  16.63  per  cent  the  third  year  and  12.6  per  cent  the  fourth 
year.  The  crops  grown  included  oats,  barley,  wheat,  rye,  flax,  potatoes  and 
sugar  beets. 

Doiarenko  (26)  also  reports  the  poor  utilization  of  manure  nitrogen,  as  well 
as  Summers  (188)  in  his  work  on  truck  crops. 

With  regard  to  liquid  manure  Mer  (125)  in  comparing  urine  with  (NH4)2S04 
received  the  greatest  profit  with  small  applications.  ,Pfeiffer  (141)  gives  it  a 
value  of  49  and  Hansen  (61),  regards  its  fertilizing  value  as  65  for  roots  and 
72  for  grains. 

The  peats  have  been  given  considerable  attention  as  a  fertilizing  material. 
Because  of  the  extensiveness  of  these  reports  it  seemed  advisable  to  see  just 
what  value  various  investigators  ascribed  to  them.  Herman  (71),  comparing 
rye  straw,  manure  and  peat  litter  and  moor  peat  against  no  nitrogen,  finds 
that  100  parts  of  peat  nitrogen  are  as  valuable  as  2.6  parts  of  manure  nitrogen. 
This  would  bring  peat  pretty  low  in  the  availability  scale.  Lipman  (111)  like- 
wise finds  peat  to  have  a  low  availability,  giving  it  a  value  of  10  when  NaNOs 
is  100.  Hoc  (72)  finds  peat  nitrogen  to  be  valueless  other  than  on  heavy 
soils  where  it  has  perhaps  a  beneficial  ph)^ical  influence.  However,  some 
investigators  seem  to  think  that  peat  nitrogen  can  be  made  available  by  com- 
posting it  with  fermenting  manures.  For  references  to  this  practice  the  author 
calls  attention  to  the  work  of  Johnson  (27)  and  Weiss  (218).  Turning  our 
attention  to  another  class  of  organic  manures,  the  so-called  green  manures, 
we  note  that  von  Sigmond  (204)  finds  for  vetch  a  value  of  78  and  for  alfalfa 
59.  Schneidewind  (165)  reports  peas,  beans  and  vetch  to  have  a  value  of 
52.5  and  beet-tops  43,  when  NaNO«  is  taken  as  100.  Wagner  (208,  210,  21 1) 
gives  green  manures  a  value  of  80.  The  work  at  the  New  Jersey  Stations  (1 10) 
values  green  manures  at  about  50  to  60,  depending  upon  the  crop. 

The  fourth  class  of  nitrogenous  materials  consists  of  dried  blood,  tankage, 
cottonseed  meal,  meat  and  fish  scraps,  etc.  Wagner  (208,  210,  211),  con- 
sidering NaNQj  as  100,  values  the  nitrogen  in  blood  as  70,  that  in  bone  meal 
and  dry  ground  fiish  at  60,  and  that  of  wool  waste  and  leather  at  30  and  20, 
respectively. 

The  results  of  the  long-term  cylinder  experiment  at  the  New  Jersey  Stations 
(107)  give  blood  a  value  considerably  below  this,  60.7.  A  yet  lower  figure  is 
noted  by  Schneidewind  who  gives  it  a  value  of  56.  Von  Sigmond  (204)  in 
his  pot  work  rates  dried  blood  at  72;  likewise  Rossler  (154),  and  Hartwell  (64)  at 
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Rhode  Island  values  it  at  80  per  cent  of  the  value  of  NaNQs.  Graudeau  (51), 
Thome  (193),  Johnson  (76),  all  give  it  a  value  between  70  and  80  when  NaNOj 
is  taken  as  100.  The  other  organic  manures  fall  considerably  below  this  and 
should  be  considered  as  nitrogen  carriers  only  under  exceptional  conditions. 

The  lesser  efficiency  of  dried  blood  and  the  other  forms  of  organic  nitrogen 
as  compared  with  the  mineral  forms  is  not  difficult  to  understand.  In  the  com- 
plicated process  of  decay  preceding  the  formation  of  ammonia  there  are  many 
conditions  under  which  elementary  nitrogen  may  be  formed.  The  greater 
the  resistance  to  decay,  the  more  prolonged  is  the  ultimate  simpUfication,  and 
necessarily  the  attendant  chances  for  loss  increase.  In  so  far  as  the  growing 
crop  is  concerned,  the  substances  which  nitrify  more  readily  will  have  the 
nitrogen  in  a  digestible  form  when  the  plant  has  need  of  it,  and  not  at  some 
time  after  growth  has  ceased.  This  in  itself  is  a  big  factor  in  the  working 
out  of  relative  values. 

Again  the  character  of  the  material  supplying  the  nitrogen  is  of  considerable 
importance  in  determinng  its  value.  Materials  of  a  wide  carbon-nitrogen 
ratio  in  a  fresh  condition  will  give  less  nitrogen  to  the  growing  plant  than  fresh 
materials  of  a  narrow  carbon-nitrogen  ratio,  due  to  the  rapid  assimilation 
of  nitrogen  by  soil  microorganisms.  On  the  other  hand,  materials  like  peat 
and  leather  will  give  the  crop  very  little  nitrogen  because  they  are  so  extremely 
resistent  to  decay. 

Considering  the  residual  values  of  the  mineral  manures,  as  a  v/hole,  we  find 
that  they  leave  very  little  residue — ^their  action  seems  to  be  spent  during  the 
season  in  which  they  are  applied.  As  proof  of  this  we  may  consult  the  work 
of  Hall  (58),  Lipman  (107)  and  others. 

The  residual  effects  of  the  oiganic  manures  may  be  somewhat  greater,  due, 
perhaps,  not  to  the  nitrogen  supplied  but  to  their  influence  in  improving  the 
physical  condition  of  the  soU.  Rothamsted  reports  that  barnyard  manure 
applied  35  years  ago  still  gives  evidence  of  benefiting  the  plant.  A  close 
analysis  of  the  conditions,  however,  shows  us  that  other  factors  than  mere 
residual  effects  have  entered  in. 

The  lasting  effects  of  manures  may  not  always  be  desirable.  These  oiganic 
substances  which  change  but  slowly  necessarily  produce  soluble  material  after 
the  crop  has  been  taken  off,  which  may  be  removed  from  the  land  by  fall 
rains  and  lost  to  the  crop. 

While  there  is,  then,  a  very  considerable  range  of  variation  in  the  returns 
from  any  given  quantity  of  nitrogen,  a  more  or  less  definite  relation  still  per- 
sists which  enables  one  to  classify  nitrogenous  manures  according  to  the  readi- 
ness with  which  they  can  enter  the  plant  tissue.  From  what  has  been  related 
in  the  text  it  would  seem  that  there  is  no  longer  any  doubt  as  to  the  superiority 
of  nitrate  over  ammonia  salts,  which  are  in  turn  superior  to  Ca(CN)i  or  any 
of  the  organic  forms. 

This  entire  question  of  availability  is  one  of  extreme  importance  in  all 
sections  where  fertilizers  are  used.    Yet,  notwithstanding  its  importance,  it 
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is  scarcely  appreciated  by  the  average  user  of  commercial  fertilizers.  To  him 
quantity  is  the  desideratum,  with  quality  considered  very  seldom.  If  he 
would  but  stop  and  think  of  the  economic  side  of  the  question  he  would  con- 
clude as  does  Lipman  (107)  when  he  ssys: 

AccordiDg  to  the  schedule  of  trade  values  adopted  by  the  New  England  States  and  New 
Jersey  in  1915,  the  nitrogen  in  ammonia  salts  is  given  a  value  equal  to  that  of  nitrate  of  soda, 
viz.,  16.5  cents  per  pound,  the  organic  matter  in  mixed  fertilizer  is  valued  at  19  cents  per 
pound,  while  the  nitrogen  in  fine  ground  fish,  meat,  and  blood  is  valued  at  23  cents  per 

pound To  state  the  matter  in  other  terms,  if  the  nitrogen  in  100  pounds  of 

nitrate  of  soda  is  worth  $2.25  then  its  equivalent  in  anunonium  sulfate  would  be  worth  ap- 
proximately $1.78  and  its  equivalent  in  dried  blood  would  be  worth  $1.53.  The  trade  values 
however,  would  make  the  nitrogen  in  100  pounds  of  nitrate  of  soda  and  its  equivalent  in 
ammonium  sulfate,  each  worth  $2.25  and  the  equivalent  in  dried  blood  worth  $3.56,  the 
latter  being  more  than  twice  its  value  as  shown  by  the  results  of  fifteen  years  of  experi- 
mental work.  To  be  sure,  under  a  wide  range  of  field  conditions,  the  result  would  be  less 
disadvantageous  to  anmionium  salts  and  certain  nitrogen  plant-foods. 

To  the  thoughtful  person,  the  question  ipust  arise  as  to  whether  the  present 
adjustment  is  a  fair  one.  The  plea  is  made  that  nitrate  nitrogen  is  lost  by 
leaching,  but  the  results  of  numerous  experiments  show  that  the  residual 
effect  of  (NH4)tS04  is  no  greater  and  that  of  dried  blood  only  slight.  Also, 
the  residual  effects  from  farm  yard  manures  are  entirely  spent  after  the  third 
year,  and  if  much  money  is  tied  up  in  such  fertility  it  is  not  an  economic 
success.  Even  it  if  is  granted  that  on  certain  sandy  soils  nitrates  are  lost 
in  the  leaching,  still  the  higher  returns  would  point  to  the  advisability  of  using 
it,  in  smaller,  and  more  frequent,  applications. 

It  will  be  seen  from  the  above  review  also  that  different  investigators  ob- 
tained recoveries  from  any  given  fertilizer  that  were  far  from  constant. 
Varying  proportions  of  the  nitrogen  applied  being  returned  in  the  crops.  That 
is  to  say,  the  readiness  with  which  the  nitrogen  of  the  applied  fertilizer  is  trans- 
formed into  plant  tissue  seems  to  be  influenced  by  factors  which  we  may  call 
external  and  internal.  The  internal  factors  pertain  to  the  mechanical  and 
chemical  composition  of  the  nitrogenous  manure  and  are  entirely  apart  from 
the  character  of  the  medium  in  which  the  decomposition  takes  place.  For 
instance,  it  was  seen  that  in  the  same  soil  and  under  the  same  climatic  condi- 
tions the  nitrogen  in  manure  was  more  available  than  that  in  peat,  or  the  nitro- 
gen in  blood  was  more  ef&cient  than  that  of  the  manure.  It  need  hardly  be 
added  here,  that  the  internal  factors  cannot  be  controlled  as  readily  as  the 
external  factors.  However,  the  latter  factors  the  farmer  has  some  means 
of  controlling.  He  has  it  in  his  power  to  modify  moisture,  temperature  and 
aeration  conditions  suflSdently  to  hasten  decomposition  processes  and  to  in- 
crease in  a  large  measure  the  solubility  of  the  nitrogenous  materials  present 
in,  or  added  to  the^soil.  The  work  of  Wagner  (208,  210,  211),  Pfeiffer,  (141), 
von  Sigmond  (204),  Lipman  and  Blair  (107),  Voorhees  and  Lipman  (205),  has 
intimated  that  the  reason  -why  more  or  less  of  the  applied  nitrogen  is  returned 
to  the  crop  is  because  of  the  differences  in  crops  themselves,  in  their  root 
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systems,  in  growing  season,  etc.  Wilfarth,  Romer  and  Wimmer  (222),  on  the 
other  hand,  would  have  us  believe  that  the  lessened  recovery  is  due  to  losses 
entailed  in  metabolic  processes. 

Again,  the  work  of  Tucker  and  von  Seelhorst  (195)  has  shown  us  that  the 
moisture  supply  is  very  important  for  maximum  recoveries  of  nitrogen  and 
increased  crop  growth.  In  a  series  of  pot  experiments  where  they  added  0.5 
gm.  of  nitrate  of  soda  to  a  soil  in  combination  with  the  other  essential  plant- 
food  elements,  they  found  that  they  got  no  increase  in  a  crop  of  oats  when 
only  a  little  water  was  supplied,  the  supply  of  nitrogen  in  the  soil  being  sufficient 
for  the  crop  needs,  the  water  and  not  the  nitrogen  being  the  limiting  factor. 
When  more  water  was  added  the  plant  made  growth  and  utilized  the  nitrogen 
supplied,  the  added  nitrogeif,  in  this  case  0.5  gm.,  increasing  the  crop  10  grams. 
One-half  gram  more  of  NaNOt  was  then  added,  but  was  without  effect,  the 
water  again  being  the  limiting  factor.  More  water  was  then  applied  to  the 
pot  containing  the  first  0.5  gm.  of  NaNOs  and  the  crop  yield  was  increased  to 
20  gm.;  but  this  does  not  represent  the  whole  possibility  because  the  applica- 
tion of  the  second  0.5  gm.  of  NaNOs  gave  a  still  further  increase  of  15.5  gm. 
Perhaps,  then,  the  moisture  conditions  in  the  soils  were  a  factor  regulating  the 
amounts  of  nitrogen  recovered  by  the  crop.  However,  the  presence  of  a  too 
generous  supply  of  moisture  may  create  conditions  favorable  to  denitrification. 
For  a  review  of  the  literature  and  discussions  of  this  phase  of  the  availability 
question,  one  is  referred  to  the  work  of  Voorhees  (205)  and  Lipman  and  Blair 
(107).  With  regard  to  the  l^ss  of  nitrogen  by  leaching  and  its  bearing  upon 
the  availabiUty  question,  much  has  been  said  and  written. 

The  data  of  the  most  wide-spread  knowledge  were  collected  by  investiga- 
tors at  the  Rothamsted  Station  (57).  By  means  of  lysimeters,  with  which 
they  were  able  to  tap  the  soil  column  at  any  desired  depth,  they  have 
foimd  what  they  beheve  to  be  an  average  loss  of  30  pounds  of  nitrogen  per 
annum. 

CoUison  i(22)  at  the  Florida  Station,  however,  by  means  of  his  lysimeter  work, 
has  just  recently  recorded  enormous  losses  of  nitrogen  per  acre  per  annum. 

McGeorge  (123)  at  the  Hawaii  Station  concludes  from  his  laboratory  experi- 
ments that  the  sodium  nitrate,  not  being  absorbed  by  Hawaiian  soils,  is  very 
liable  to  be  lost  in  the  drainage  waters.  However,  it  must  be  brought  to  the 
reader's  attention  that  the  conditions  of  his  experiment  are  so  manifestly 
artificial  that  their  application  to  actual  field  conditions  is  not  tenable.  The 
fact  that  large  losses  of  phosphate  and  potash  salts  were  found,  under  the  con- 
ditions of  his  experiment,  would  substantiate  this.  In  his  work  the  possibility 
of  soluble  salts  rising  again  to  the  surface  by  capillarity  were  entirely  eliminated 
by  his  method  of  studying  the  problem.  That  this  is  an  important  item  can 
be  seen  from  the  experiments  of  Malpeaux  and  Lefort  (120)  who  found  that 
quantities  of  sodiuni  nitrate  placed  at  a  distance  of  1  meter  under  the  surface 
of  the  earth,  reached  the  upper  6  inches  of  surface  soil  in  less  than  6  weeks 
This  same  criticism  may  apply  also  to  the  work  of  other  investigators  (22,  57). 
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Hall  (57)  likewise  states, 

On  the  Rothamsted  soil  ammonium  salts  are  not  retained  as  such  for  more  than  the 
season  of  application,  nor  are  the  nitrates  resulting  from  them  able  to  return  to  the  surface 
to  feed  the  succeeding  crop.  On  other  soils  of  better  texture  for  allowing  the  movement 
of  water  by  capillarity  there  can  be  no  doubt  that  the  nitrates  in  the  subsoil  will  return  to 
the  surface  and  be  of  service  to  the  crop. 

This  corroborates  the  statement  of  Malpeaux  and  Lefort  (120). 

Collison's  (22)  figures  on  the  enormous  loss  of  nitrates  by  leaching  are  open 
to  two  criticisms.  First,  it  seems  to  the  writer  hardly  justifiable  to  tap  the 
root  zone  at  the  point  which  he  did  and  call  the  drainage  obtained  at  this 
point  lost  to  further  crop  growth.  It  has  been  shown  by  Miller  (126)  in  a 
study  of  the  root  systems  of  agricultural  plants,  that  many  roots  reach  the  point 
at  which  these  investigators  tapped  the  soil  water,  and  are  able  to  use  the 
plant-food  tabulated  as  lost.  Furthermore,  the  conditions  under  which  the 
soils  were  placed  in  the  tanks  allow  ef  a  very  rapid  nitrification  of  the  soil 
organic  matter,  as  has  been  shown  by  Deherain  (25),  and  consequently  the 
losses  recorded  are  many  times  more  magnified  than  would  actually  be  the  case. 

Hall  (57)  also  seems  to  show  that  the  movement  of  nitrates  in  the  ground 
is  not  as  rapid  as  is  generally  supposed;  i.e.,  nitrates  in  the  groimd  water  of 
treated  plots  did  not  mingle  with  those  of  the  non-treated. 

Moreover,  it  is  a  question  in  the  writer's  mind  whether  the  figures  repre- 
senting losses  of  nitrates  by  leaching  are  truly  representative  of  the  facts. 
If  we  should  consider  the  total  drainage  of  the  rivers  of  the  world  (17)  we 
should  find  that  there  is  annually  deposited  into  the  ocean  some  24,614  X  10' 
metric  tons  of  NOs  per  annimi,  or  5,513  X  lO'  metric  tons  of  the  element 
nitrogen.  As  this  amount  of  nitrogen  comes  from  a  drained  area  of  40,000,000 
square  miles,  calculated  to  the  acre  basis  this  loss  would  become  very  little 
indeed,  i.e.,  4  pounds  per  annum. 

However,  it  cannot  be  denied  that  nitrates  are  susceptible  of  being  driven 
down  to  the  lower  depths  of  the  soil  by  means  of  copious  rains  and  by  the  time 
they  rise  again  to  the  surface  are  of  little  use  to  the  crop  that  reason.  This,  of 
course,  would  be  reflected  in  availability  studies.  The  question  might  also 
be  raised  as  to  whether  the  irregular  recoveries  obtained  by  the  numerous  in- 
vestigators is  due  to  purely  physiological  causes  or  whether  it  may  possibly 
be  effected  by  bacteriological  activities. 

A  survey  of  the  literature  will  show  us  that  mineral  salts  applied  to  the  soil 
increase  to  a  large  extent  the  already  large  host  of  soil  microorganisms. 
We  also  know  from  the  investigations  of  Caron  (16),  Stocklassa  and  £mst 
(180)  that  the  bacterial  population  under  any  specific  crop  is  variable.  More- 
over, the  extensive  researches  of  Biereima  (10),  Hutchinson  and  Marr  (73), 
Lutz  (117),  Lipman  and  Brown  (112),  Lohnis  (114),  Ritter  (152),  Stutzer  and 
Rothe  (186)  and  Vogel  202)  have  indicated  that  such  substances  as  NaNQi, 
Ca(N0i)2,  (NH4)aS04,  dried  blood,  and  cottonseed  meal  serve  as  a  source  of 
food  to  the  hungry  hosts  of  soil  organisms,  and  hence  we  would  naturally  cx- 
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pect  a  reflection  in  the  growth  of  the  plant.  Seeking  in  nitrogen  a  portion  of 
their  food  supply,  or  even  energy  for  their  life  processes,  they  multiply  the 
number  of  its  combinations,  compelling  it  to  pass  through  a  series  of  analytical 
and  synthetical  changes.  The  nitrogen  of  today,  a  constituent  part  of  some 
protein  molecule,  may  tomorrow  be  part  of  some  simple  amino-acid,  or  may  unite 
with  some  other  nitrogen  atom  and  pass  away  into  the  air.  Conversely,  the 
simple  soluble  nitrogen  in  nitrate  or  anmionia  salts  today  may  be  part  of  a 
complex  protein  body  in  a  short  while,  and  so  on.  There  is  an  ever-changing 
condition  of  the  nitrogen  in  soils. 

It  is  because  of  the  intimate  relation  between  soil  organisms,  soil  nitrogen 
and  soil  fertility,  and  the  frequently  controlling  position  of  soil  nitrogen  as  a 
factor  in  crop  production,  that  there  is  such  a  strong  interdependence  of  soil 
microbes  and  soil  fertility.  It  can  be  no  matter  of  indifference  to  us  what  the 
effects  of  these  fertilizers  are  on  the  several  processes  of  amimonification, 
nitrification,  \  denitrification,  nitrogen  assimilation  and  nitrogen  fixation. 
These  processes  possess  for  us  a  paramount  interest  because  they  are  concerned 
with  this  very  element  whose  fortune  is  so  closely  allied  to  the  activities  of 
soil  organisms.  The  discovery  and  comprehension  of  the  biological  forces  re- 
lating to  the  application  of  NaNOs  to  the  soil  is  unquestionably  necessary  to 
the  solution  of  many  soil  problems.  An  adequate  knowledge  as  to  the  effect 
of  NaNOs  alone,  and  in  combination  with  other  fertilizing  materials,  upon  the 
myriads  of  soU  microorganisms  is  essential  for  a  clearer  understanding  of  the 
factors  affecting  the  availability  of  nitrogenous  fertilizers. 

EXPEIOMENTAL 

Experimentation  has  taught  us  that  higher  plants  cannot  assimilate  at- 
mospheric nitrogen  or  nitrogen  in  the  condition  that  we  find  it  in  the  higher 
protein  complexes.  In  other  words,  the  nitrogen  must  be  in  a  digestible  form 
before  it  can  be  of  use  in  plant  nutrition.  The  agencies  by  which  these  pro- 
tein molecules  are  broken  down  are  of  two  kinds,  chemical  and  biological. 
Whereas  the  fonAer  acts  only  in  a  minor  capacity,  the  latter  is  of  the  uttermost 
importance  for  the  simplification  of  the  protein  molecule  This  process  of 
simplification  is  carried  out  by  many  groups  of  soil  organisms,  among  the  most 
important  of  which  are  the  ammonifying  group  and  the  nitrifying  group. 
The  process  by  which  organic  matter  is  transformed  into  ammonia  we  call 
ammonification.  It  represents  a  certain  stage  in  the  cleavage  process,  and 
because  of  the  fact  that  the  protein  molecule  must  be  split  to  this  stage  at 
least  before  it  can  be  used  by  the  plant,  it  bears  an  intimate  relation  to  soil 
fertility  conditions.  Moreover,  this  stage  must  be  reached  before  further 
mineralization  of  the  nitrogen  can  take  place.  It  is  of  no  little  concern  to  us, 
therefore,  how  this  process  of  ammonification  is  influenced  by  the  prevailing 
fertilizer  practices.  We  know  that  the  presence  of  a  proper  supply  of  nitrogen 
may  be  the  limiting  factor  between  a  rich  and  a  poor  harvest. 
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Because  of  the  fact  that  NaNOt  is  so  extensively  used  in  the  present-day 
fertilizing  practices,  it  is  important  to  become  acquainted  with  the  influence 
that  this  salt  has  upon  the  ammonification  processes  in  the  soil.  In  noting 
this  it  should  be  studied  from  all  possible  angles — ^in  acid  and  alakaline  soils, 
in  the  presence  of  phosphates,  in  potash  carriers,  and  in  complete  fertilizer 
mixtures.  The  influence  of  this  salt  upon  biological  activities  at  different 
degrees  of  moisture  and  temperature  should  be  studied  in  detail  in  order  to 
determine  its  effect  on  the  various  groups  and  types  of  microorganisms. 

The  purpose  of  the  first  series  of  experiments  was  to  study  the  influence  of 
NaNQs  upon  ammonification.  Earlier  workers  such  as  Lipman  and  Brown 
(112),  Temple  (191)  and  Sackett  (158)  have  noted  that  nitrates  increased  the 
ammonifying  eflSciency  of  soils.  Quite  recently  Greaves  (55)  has  come  to 
the  same  conclusion.  On  the  other  hand,  the  work  of  Peck  (138)  and  that  of 
Crowther  (23)  seem  to  indicate  a  decrease  in  the  accumulation  of  ammonia 
due  to  the  presence  of  nitrates  in  the  soil.  Wohltmann  (225)  and  his  associates , 
testing  the  influence  of  soils  treated  with  NaNO»  at  the  rate  of  75  kg.  per  acre, 
obtained  an  increase  of  over  3  per  cent  due  to  this  treatment,  the  Remy  (147) 
method  being  used.  We  thus  have  some  inkling  as  to  what  to  expect  from 
fertilization  with  NaNO». 

sorts  USED 

The  soils  used  in  this  investigation  were  of  seven  distinct  types.  Six  mineral 
soils  and  one  of  organic  origin  were  used.  The  soils  represent  large  areas  of 
land  in  the  various  locaUties  from  which  they  were  obtained.  They  were  a 
Carrington  loam  from  the  Iowa  Experiment  Station;  a  Norfolk  very  fine  sand, 
and  a  Norfolk  sandy  loam  from  Norfolk,  Virginia;  a  Penn  day  loam  from 
New  Bnmswick,  New  Jersey;  a  Sierra  sandy  loam  from  Riverside,  California; ' 
a  Wooster  silt  loam  from  Wooster,  Ohio;  and  a  Muck  soil  from  Great  Meadows, 
New  Jersey. 

The  writer  takes  this  opportimity  to  thank  those  who  have  been  so  kind  as 
to  cooperate  in  collecting  these  soils. 

The  hycroscopic  mositure,  apparent  specific  gravity,  water-holding  capacity, 
lime  requirement  by  the  Veitch  Method,  nitrate  content  and  ammonia  content 
of  the  soils  used  are  given  in  table  1. 

In  table  2  is  to  be  foimd  the  capillary  rise  of  water  in  the  soils  in  centimeters 
at  the  end  of  various  intervals  of  time.  The  capillkry  tubes  were  1  inch  in 
diameter  and  30  inches  in  length.  The  figures  in  table  2  were  obtained  by 
allowing  the  tubes,  after  being  carefully  filled  with  soil,  to  stand  in  1  inch 
of  water  for  42  days.  It  was  thought  important,  inasmuch  as  sodium  nitrate 
is  a  very  soluble  salt,  to  note  this  capillary  rise,  as  a  factor  in  alleviating  toxic 
effects  of  large  quantities  of  the  salt. 
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TABLE  1 

Hydroscopic  moisture^  apparent  specific  gravUy,  water-holding  capacity^  lime  requiremenl, 
nitfoie  content  and  ammonia  content  in  the  soils  used 


SGILNDICBEB 

1 

2 

3 

4 

5 

6 

7 

Characteristic 

Carrington 

Norfork 

Norfork 

Penn 

Sierra 

Wooster 

Muck 

loam 

sand 

very  fine 
sand 

clay 
loam 

sandy 
loam 

silt  loam 

soil 

Hydroscopic    mois- 

ture (per  cent) . . . 

2.35 

1.00 

0.15 

2.28 

1.35 

1.87 

18.00 

Apparent      specific 

gravity 

1.05 

1.30 

1.52 

1.05 

1.61 

1.25 

0.70 

Water-holding    ca- 

pacity  

0.50 

0.32 

0.34 

0.50 

0.28 

0.42 

1.60 

Lime  requirement. . . 

3,700 

2,200 

550 

1,110 

Alka- 
line 

4,300 

5,200 

Nitrates  (mgm.  per 

100  gm.  soil) 

2.66 

1.67 

Trace 

4.78 

4.79 

2.60 

13.30 

Ammonia  (mgm.  of 

a  100  gm.  soil).... 

0.77 

0.06 

Trace 

0.53 

0.13 

0.50 

42.17 

*Veitch  method. 


TABLE  2 
The  capillary  rise  of  water  in  the  soils 


HO^ 

4 

36 

60 

84 

108 

134 

168 

24i 

292 

350 

518 

840 

954 

1022 

Carrington 

loam 

Norfolk  loam 
Penn  loam. . . 
Sierra  loam. . 
Wooster  silt  . 

cm. 

16.32 
21.59 
12.95 
23.77 
18.08 

cm. 

36.19 
39.72 
31.75 
49.27 
40.38 

cm. 

38.87 
45.55 
36.19 
54.96 
46.99 

cm. 

42.42 
48.89 
39.72 
59.05 
50.54 

cm. 

45.21 
52.70 
42.92 
62.88 
53.97 

cm. 

47.62 
55.14 
45.46 
67.94 
56.88 

cm. 

50.00 
57.58 
48.00 
66.90 
59.69 

cm. 

53.95 
65.^5 
52.47 
74.52 
63.81 

cm. 

54.96 
64.70 
54.96 
76.81 
75.21 

cm. 

59.43 
68.58 

59.94 

• 

cm. 

62.84 
70.24 

64.77 

• 

cm. 

68.50 
72.39 
70.48 

cm. 

69.81 
72.89 
72.13 

em. 

62.81 
73.15 
74.40 

*  Top  of  cylinder. 


METHODS 


The  methods  used  in  studying  the  ammonification  process  were  of  two 
kinds;  (1)  the  beaker  method  as  outlined  by  Lipman  and  Brown  (108),  and 
(2)  a  modification  of  the  fresh-soil  method  as  proposed  by  Brown  (12).  The 
first  method  was  carried  out  in  following  manner: 

One  hundred-gram  portions  of  the  soil  were  placed  in  tumblers.  Organic  matter  was 
weighed  out  into  them  and  the  latter  mixed  with  the  soil  by  means  of  the  shaker  devised  by 
the  writer  and  his  colleague  (103).  If  non-soluble  materials  were  to  be  used  these  were 
added  at  the  same  time  as  the  organic  matter  and  mixed  with  it.  NaNOa,  however,  was 
added  in  solution.  When  the  insoluble  salts  and  oiganic  matter  were  thoroughly  mixed  in 
the  soil,  water  was  added  equivalent  to  50  per  cent  of  the  water-holding  capacity.  The 
tumbler  was  then  covered  with  a  glass  plate  and  incubated  for  5  days  in  the  case  of  sandy 
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and  sandy  loams,  and  6  days  for  the  other  soils.  The  temperature  of  incubation  was  20 
to  22^C.  unless  otherwise  stated.  At  the  end  of  the  incubation  period  the  soil  was  removed 
to  a  copper  flask  with  250  cc.  of  water.  A  piece  of  paraffin  and  5  to  6  gm.  of  MgO  were 
added  and  the  ammonia  distilled  off  and  titrated  with  N/10  HCl,  alizarine  sulphonate 
being  used  as  the  indicator. 

In  the  fresh-soil  method  the  difference  to  be  noted  was  that  the  air-dry  soils 
were  first  treated  with  sodium  nitrate  for  different  lengths  of  time  at  optimum 
water  contents,  and  at  the  end  of  a  given  interval  organic  matter  was  mixed 
into  the  soil  as  before.  The  subsequent  carrying  out  of  the  experiment  was 
the  same  as  previously  described. 

In  order  to  conform  as  nearly  as  possible  to  field  conditions,  a  series  of  ferti- 
lizer additions  had  to  be  worked  out  which  would  represent  in  a  reasonably 
accurate  degree  the  concentrations  of  fertilizers  prevalent  in  present-day 
practices.  If  we  could  assume  that  all  fertilizer  was  spread  broadcast,  we 
would  have  had  no  difficulty  in  determining  the  amqunts  of  material  to  apply. 
However,  somewhat  over  85  per  cent  of  the  fertilizers  are  at  the  present  drilled 
in.  As  a  result  we  are  confronted  with  a  series  of  concentrations,  interpendent 
upon  the  width  of  the  layer  of  fertilizer  falling  from  the  drill  spout  and  the 
number  of  drilled  rows  per  acre.  To  illustrate  this  more  plainly  let  us  suppose 
that  we  are  going  to  apply  50  pounds  of  sodium  nitrate  in  planting  an  acre  of 
com.  An  acre  would  resolve  itself  into  a  square  of  208  linear  feet  to  the  side. 
Com  is  drilled  in  rows  varying  from  3  to  5  feet  apart.  Let  us  take  3  feet  ^ 
inches  as  a  standard.  We  would  thus  have  55  rows  of  com  per  acre.  Assum- 
ing that  the  fertilizer  is  sipread  to  a  width  of  3  inches  and  moves  to  each  side 
3  inches  more  and  that  the  total  vertical  movement  is  about  9  inches,  we  would 
have  a  block  of  soil  208  feet  long  6  inches  wide  and  9  inches  deep  in  which  the 
fertilizer  acts,  or  a  volume  of  soil  of  78  cubic  feet.  In  a  sandy  loam  having  IS 
per  cent  of  moisture  this  volume  would  resolve  itself  into  66  cubic  feet  of  actual 
air-dry  soil.  Taking  an  apparent  specific  gravity  of  1.5  this  volume  of  soil 
would  weigh  6130  pounds  and  55  such  rows  would  weigh  337,150  pounds. 
Calculating  that  one  acre  of  the  same  soil  to  a  depth  of  9  inches  would  weigh 
3,500,000  pounds  it  is  easily  seen  that  our  original  concentration  of  50  pounds 
has  become  ten  times  this,  or  500  pounds.  By  the  same  method  of  reasoning 
smaller  or  larger  appUcations  would  result  in  higher  or  lower  concentrations. 
For  instance,  in  fertilizing  potatoes  where  1500  pounds  of  a  4-^10  fertilizer 
are  drilled  in,  or  in  onion  growing  where  2000  to  4000  pounds  of  fertilizer  are 
used,  and  in  other  lines  of  intensive  market  gardening,  the  actual  concen- 
tration may  run  as  high  as  5000  to  10,000  pounds  per  acre  It  was  decided, 
therefore,  to  employ  amounts  from  50  to  10,000  pounds  of  sodium  nitrate 
per  acre,  hoping  in  this  wide  range  to  meet  with  all  concentrations  occurring 
in  fertilizer  practices. 

In  calciilating  the  applications  3,500,000  pounds  was  taken  as  the  weight 
of  an  acre  nine  inches  of  sandy  soils,  2,700,000  for  loam  soils  and  1,750,000 
for  the  muck  soil.  In  all  cases  except  where  acid  phosphate  was  employed, 
chemically  pure  salts  were  used. 
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PART  II 

Series  1,     The  influence  of  sodium  nitrate  upon  the  ammonification  of  dried 

blood 

Table  3  records  the  data  to  show  the  influence  of  NaNOs  upon  the  ammoni- 
fication of  dried  blood  in  seven  types  of  soil.  Two  per  cent  of  dried  blood 
analyzing  12.48  per  cent  nitrogen  was  used  as  the  ammonifiable  material.  The 
table  has  been  subdivided  into  seven  sections,  each  one  of  which  gives  the  data 
for  the  action  of  sodium  nitrate  upon  the  ammonification  of  dried  blood  in 
one  type  of  soil.  The  fertilizer  additions  are  given  in  column  2.  Duplicate 
determinations  with  averages  are  shown  for  each  soil.  In  addition,  the  rela- 
tive value  of  the  various  treatments,  based  upon  a  value  of  100  for  the 
check,  has  been  caluclated. 

An  examination  of  table  3  shows  one  marked  difference  with  regard  to  the 
influence  of  NaNOs  upon  the  ability  of  the  soils  to  ammonify  dried  blood. 
The  greatest  reaction  experienced  from  the  addition  of  sodium  nitrate  was  in 
the  Wooster  silt  loam.  In  this  soil  an  application  of  sodium  nitrate  equal  to 
100  pounds  per  acre  increased  the  ammonif)dng  power  of  the  soil  12  per  cent 
and  300  pounds,  15  per  cent.  Larger  applications,  however,  did  not  cause 
any  corresponding  increase  in  the  ammonia  accumulation.  When  an  amount 
equal  to  5000  pounds  per  acre  was  present  a  decrease  in  the  ammonifying 
power  of  30  per  cent  is  to  be  noted,  whereas  twice  this  concentration  depressed 
the  ammonifying  power  just  once  again,  or  70  per  cent.  An  examination  of 
table  2  shows  us  that  this  soil  has  a  very  rapid  rise  of  capillary  water,  and  no 
doubt  the  toxic  effect  of  sodium  nitrate  would  be  of  only  short  duration.  Con- 
sidering the  crops  grown  on  this  soil  and  the  amounts  of  fertilizer  they  generally 
receive,  one  need  not  have  any  fear  that  sodium  nitrate  will  influence  the 
ammonifying  group  in  any  other  way  than  beneficially. 

The  soil  evidencing  the  least  response  to  additions  of  sodium  nitrate  was  the 
Penn  clay  loam.  A  stimulative  influence  of  2  per  cent  was  experienced  with 
a  salt  concentration  equal  to  100  poimds  per  acre,  and  this  same  value  held 
true  even  with  amounts  as  high  as  5000  pounds  per  acre.  As  much  as  5  tons 
per  acre  of  the  salt  did  not  diminish  the  activity  of  this  soil's  flora  to  the 
slightest  degree  below  normal. 

The  results  obtained  from  the  action  of  sodium  nitrate  applied  to  the  Norfolk 
sandy  loam  soil  seem  to  indicate  that  sodium  nitrate  is  not  an  important 
factor  in  influencing  its  ammonifying  power  with  dried  blood  as  the  source 
of  organic  matter.  No  marked  stimulative  action  is  at  hand  until  the  high 
concentrations  equal  to  1500  to  2500  and  10,000  pounds  per  acre  are  present. 
With  a  concentration  of  2500  pounds  a  stimulative  influence  is  to  be  noted 
equivalent  to  4  per  cent  above  normal.  Double  this  concentration  also  practi- 
cally doubled  the  stimulation.  This  soil,  being  a  typical  early  truck  soil, 
must  necessarily  be  heavily  fertilized,  and  the  fact  that  no  harmful  effects  are 
manifested  with  such  high  concentrations  is  a  very  happy' circumstance. 
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TABLE  3 
Influence  of  NaNOi  upon  Use  ammonification  of  dried  blood  in  the  various  soils 


NaNOi 

IKRACSE 

WOOSTKK  SILT  LOAM 

n 
n 

NORTQLK  SANDY  LOAM 

in 

PENN  CLAY  LOAM 

n 

SOIL 
POdTIOH 

1 

55 

i 

55 

1 

55 

i 

55 

1 

55 

1 

u 

pounds 

1-2 

None 

98.241 

00.50 

99.87 

100 

59.87 

64.73 

62.30 

100 

72.09  73.87 

72.98 

100 

3-4 

50 

103.671 

03:56 

103.61 

103 

60.75 

63.98 

62.37 

100 

69.42  70.10 

69:76 

95 

5-6 

100 

115.83  1 

08.70 

112.25 

112 

67.39 

67.39 

108 

75.65  74.76 

75.20 

102 

7-8 

300 

114.001 

14.00 

114.00 

115 

58.30 

62.69 

60.45 

97 

78.00  78.81 

78.40 

107 

9-10 

500 

112.821 

11.39 

112.11 

112 

62.30 

63.10 

62.70 

100 

73.3^ 

f 77.14 

75.23 

102 

11-12 

700 

112.961 

14.11 

113.53 

113 

60.54 

65.40 

62.97 

100 

75.12 

174.76 

74.94 

102 

13-14 

900 

113.381 

16.11 

114.74 

115 

62.30 

65.40 

62.97 

100 

74.7^ 

> 74.96 

74.86 

102 

15-16 

1,200 

113.391 

12.11 

112.75 

113 

66.58 

63.30 

64.94 

104 

75. 2C 

175.37 

75.28 

102 

17-18 

1,500 

111.83  1 

13.21 

112.52 

113 

64.80 

64.80 

64.80 

104 

75. 2C 

75.37 

75.28 

102 

19-20 

2,500 

112.971 

12.87 

112.93 

113 

61.80 

55.40 

58.60 

94 

75.71 

75.25 

75.48 

102 

21-22 

5,000 

71.50 

70.07 

70.78 

70 

66.70 

65.12 

65.91 

107 

77M 

72.62 

75.11 

102 

23-24 

10,000 

35.32 

35.18 

35.25 

35 

66.70 

65.12 

65.91 

107 

71.31 

75.65 

73.51 

100 

son. 

NaNO« 

PEKACRZ 

SISRSA  SAMDY  LOAM 

FERCEKT 
RELATION 
TOCaECK 

CASXIMBTON  LOAM 

poxnoN 

Mgm.  N 

Mgm.N 

Average 
mgm.  N 

Mgm.N 

Mgm.N 

Average 
mgm.  N 

RBLATIOK 
TO  CHECK 

pounds 

1-2 

None 

107.36 

111.18 

109.27 

100 

136.56 

136.00 

136.28 

100 

3-1 

50 

112.81 

111.61 

112.21 

103 

138.71 

138.00 

138.35 

101 

5H3 

100 

109.76 

113.57 

111.66 

102 

141.14 

140.85 

140.99 

103 

7-8 

300 

113.67 

109.00 

111.33 

102 

143.00 

142.30 

142.65 

104 

9-10 

500 

113.36 

114.99 

114.18 

105 

138.66 

138.00 

138.33 

101 

11-12 

700 

113.76 

115.76 

114.75 

105 

143.00 

142.30 

142.67 

104 

13-14 

900 

116.08 

115.54 

115.81 

106 

142.30 

142.30 

142.30 

104 

15-16 

1,200 

113.90 

113.60 

113.75 

104 

142.30 

142.30 

142.30 

104 

17-18 

1,500 

103.98 

107.14 

105.56 

95 

136.56 

139.14 

137.84 

101 

19-20 

2,500 

103.98 

104.38 

104.18 

95 

131.70 

131.90 

131.80 

96 

21-22 

5,000 

93.08 

93.28 

93.18 

85 

131.27 

128.70 

129.98 

95  ' 

23-24 

10,000 

89.92 

89.62 

89.77 

82 

119.69 

117.78 

118.73 

87 

NaNOi 
mAcu 

NOUPOIJC  VXKY  IDS  SAHD 

PERCENT 
RELATION 
TOCBBCK 

MUCK 

PERCENT 

posnoN 

Mgm.N 

Mgm.N 

Average 
mgm.N 

Mgm.N 

Mgm.N 

Averan 
mgm.  N 

Tocmrx 

pounds 

1-2 

None 

38.80 

38.90 

38.85 

100 

87.32 

86.33 

86.82 

100 

3-4 

50 

40.87 

40.37 

40.62 

104 

87.15 

85.79 

86.47 

100  , 

5-6 

100 

42.94 

43.04 

42.95 

111 

86.33 

86.00 

86.16 

99    , 

7-8 

300 

40.43 

41.74 

41.08 

108 

85.54 

85.00 

85.27 

98 

9-10 

500 

86.15 

87.00 

86.57 

100 

11-12 

700 

84.55 

84.55 

84.55 

97 

13-14 

900 

47.90 

48.60 

48.75 

124 

86.33 

86.90 

86.61 

99 

lS-16 

1,200 

47.96 

47.96 

47.96 

123 

86.33 

88.39 

87.38 

101 

17-18 

1,500 

41.85 

39.24 

40.54 

107 

86.00 

84.00 

85.00 

99 

19-20 

2,500 

34.11 

34.88 

34.49 

88 

86.33 

86.00 

86.17 

99 

21-22 

5,000 

29,43 

30.51 

29.97 

77 

84.83 

84.50 

84.66 

97   ' 

2^24 

10,000 

23.32 

25.00 

24.16 

60 

83.63 

84.14 

83.88 

96 
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The  ammonifying  flora  of  the  Carrington  loam  differs  somewhat  more  in 
its  response  to  applications  of  sodium  nitrate  than  any  of  the  other  six  soils. 
When  compared  with  the  Wooster  silt  loam  we  experienced  a  gradual  response 
to  additions  of  the  fertilizer  up  to  wherp  a  concentration  of  300  pounds  per  acre 
was  at  hand.  From  here  on,  as  in  the  Wooster  silt  loam,  no  enhanced  or 
depressed  activity  was  manifested  until  a  concentration  of  1500  pounds  per 
acre  was  supplied.  This  concentration  depressed  the  activity  of  the  ammonifiers 
to  about  normal.  A  fertilizer  increment  of  1000  pounds  depressed  the  action 
about  4  per  cent  below  normal,  whereas  seven  times  this  caused  a  depression 
in  the  activity  of  the  anmionifying  group  of  about  13  per  cent.  The  capillary 
rise  of  water  in  this  soil  is  not  very  rapid,  as  will  be  seen  in  table  2.  However, 
considering  the  fact  that  only  13  per  cent  depression  below  normal  occurs  with 
a  concentration  of  10,000  pounds,  per  acre,  we  may  have  no  fear  of  any  harm- 
ful effect  of  sodium  nitrate  on  such  a  type  of  soil.  In  fact,  with  small  amounts 
we  may  expect  a  rather  marked  beneficial  influence  to  the  ammonifying  flora. 

The  Sierra  sandy  loam  is  a  soil  quite  distinct  from  the  other  types  studied. 
Coming  as  it  does  from  a  semi-arid  region,  the  concentration  of  the  salts  in 
its  soil  solution  is  somewhat  larger  than  in  any  of  the  other  soils.  Consequently 
when  the  action  of  sodium  nitrate  upon  the  ammonifying  flora  of  this  soil 
is  compared  with  its  action  in  the  same  type  of  soil  from  humid  regions,  we 
find  high  concentrations  of  sodium  nitrate  exhibiting  toxic  effects  in  the  Sierra 
sandy  loam,  whereas  the  same  concentrations  under  the  same  moisture  con- 
ditions, do  not  cause  any  decreased  ammonia  accumulation  in  the  Norfolk 
sandy  loam.  v 

A  stimulative  action  is  to  be  noted  in  this  soil,  however,  the  maximum,  6 
per  cent,  being  at  hand  with  a  concentration  equivalent  to  900  pounds  per  acre. 

With  the  Muck  soil  no  decisive  response  whatever  is  to  be  noted.  The 
ammonifying  flora  is  either  non-responsive  to  nitrate  fertilization  or  eke  the 
high  absorption  power  of  such  a  type  of  soil  militates  against  the  presence  of 
the  salt  in  the  soil  solution  and  its  subsequent  action  upon  the  soil  micro- 
organisms. Moreover,  in  spite  of  the  nature  of  most  mucks,  this  specific  soil 
has  a  very  high  concentration  of  available  nitrates  and  ammonia,  as  will  be 
seen  by  consulting  table  1.  Their  presence  would  also  probably  inhibit  the 
action  of  additional  quantities  of  nitrates. 

Li  all  of  the  previous  soils,  nitrates  in  some  form  or  other  were  present. 
It  was  thought  that  the  presence  of  these  might  have  some  influence  in  regu- 
lating the  reaction  of  additional  quantities  of  nitrates.  That  is  to  say,  if  the 
soil  was  devoid  of  nitrates  its  flora  would  not  be  accustomed  to  their  presence 
and  fresh  additions  of  the  salt  ought  to  give  greater  and  an  earlier  reaction 
upon  the  ammonifying  flora. 

Li  order  to  test  this  out,  a  seventh  soil,  a  Norfolk  very  fine  sand  was  chosen. 
This  soil  had  only  a  trace  of  nitrates  in  each  100  grams.  It  had,  however,  the 
biological  and  chemical  characteristics  of  a  true  soil.  It  would  seem  from  an 
examination  of  section  6  that  the  a  priori  assumption  above  made  was  true. 


Digitized  by 


Google 


SODIUM  NITRATE  AND  NITROGEN   TRANSFORMATIONS  369 

Although  the  duplicate  determinations  in  some  cases  are  not  all  that  are  to  be 
desired,  due  no  doubt  to  loses  entailed  in  a  soil  of  such  an  open  texture  with 
this  quantity  of  ammonifiable  material,  a  greater  percentage  increase  is  to  be 
noted  as  a  result  of  the  action  of  NaNOi  than  in  any  of  the  other  soils  examined. 
The  greatest  activity  was  noted  at  a  concentration  of  900  pounds  per  acre. 
At  this  point  an  increase  of  24  per  cent  above  normal  was  recorded.  Although 
exhibiting  the  greatest  stimulation  to  the  presence  of  sodium  nitrate,  this  soil 
also  was  the  most  seriously  influenced  in  its  decomposition  powers  by  larger 
quantities  of  this  salt.  Even  though  the  same  moisture  conditions  are  present 
as  are  in  the  other  sandy  soils  a  much  greater  toxic  action  occurred  to  depress 
the  activity  below  normal. 

Li  aU  of  these  tests  the  action  of  sodium  nitrate  seems  to  work  along  definite 
lines.  We'have  at  first  an  enhanced  effect  followed  by  an  action  non-divergent 
from  the  maximum  and  later  on,  as  the  concentration  increases,  a  depressed 
accumulation  of  ammonia.  The  question  naturally  arises  as  to  the  cause  of 
such  a  phenomenon.  Is  it  due  to  internal  conditions,  such  as  the  composition 
of  the  material  in  itself,  or  is  it  due  to  external  conditions,  such  as  the  lack  of 
the  mineral  elements — ^phosphoric  acid,  potash  and  lime?  Also,  we  might 
find  an  answer  if  we  studied  the  action  of  moisture,  temperature  or  mechan- 
ical composition  of  the  soil  upon  the  ammonification  of  dried  blood  as  in- 
fluenced by  the  presence  of  nitrate  of  soda.  We  may  further  find  substance  in. 
the  theory  that  perhaps  the  rapid  multiplication  of  microorganisms  in  the 
process  of  ammonification  imavoidably  involves  the  transformation  of  soluble 
ammonia  back  into  protein  forms. 

The  tenability  of  these  ideas  wiU  be  taken  up  later  in  the  thesis,  it  being  only 
too  apparent  that  some  controlling  factor  is  operating  against  a  larger  accumu- 
lation of  ammonia  when  the  results  of  the  next  series  are  considered. 

Series  2,     The  influence  of  nitrate  of  soda  upon  the  ammonification  of  cottonseed 

meal 

In  this  series  cottonseed  meal  was  substituted  for  dried  blood.  Cottonseed 
mesal  is  a  substance  of  vegetable  origin  and  in  this  connection  represents  the 
plant  residues  from  which  the  soil  organic  matter  is  mainly  derived  more 
closely  th^an  dried  blood,  a  substance  of  animal  origin  representing  insect  and 
animal  remains.  The  experiments  in  this  series  were  carried  out  in  the  same 
fashion  as  in  series  1.  Three  per  cent  of  cottonseed  meal  was  used  as  the 
source  of  organic  matter.    The  results  are  given  in  table  4. 

An  examination  of  table  4  shows  us  that  the  ammonification  of  cottonseed 
meal  is  influenced  very  greatly  by  the  presence  of  added  quantities  of  nitrate  of 
soda.  This  seems  to  be  true  in  all  but  two  of  the  seven  soils,  viz.,  Sierra  sandy 
loam  and  the  Muck  soil.  In  these  two  soils,  while  an  enhanced  effect  is  present, 
it  is  not  very  large. 

In  this  series  the  soil  whose  ammonifying  flora  is  the  most  affected  is  the  Nor- 
folk sandy  loam.    In  this  soil  there  is  a  gradual  and  marked  stimulation  due 
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TABLE  4 

Skewing  the  influence  of  NaNO%  upon  the  ammonification  oj  coUonsced  meal  in  the  various 

soils 


NaNOs 

PBR  ACBE 
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n 

Eg 

NOUOLK  SANDY  LOAM 

i 

s 

PBNN 

OUAY  LOAM 
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PORTION 
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i 
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li 

S5 

2J 

1 

li 

S5 

i 

2 

g 

II 
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1-2 

None 

62.19 

60.87 

61.53 

100 

29.32 

30.94 

30.13 

100 

77.09 

77.77 

77.43 

100 

3-4 

50 

63.72 

63.72 

63.72 

103 

39.36 

38.39 

38.87 

122 

73.69 

74.37 

74.03 

96 

5H3 

100 

64.61 

63.90 

64.25 

104 

40.08 

41.14 

40.61 

131 

76.54 

78.32 

77.43 

100 

7-8 

300 

69.42 

66.65 

68.03 

110 

42.70 

42.70 

42.70 

140 

75.75 

79.31 

77.53 

100 

9-10 

500 

69.54 

77.14 

73.34 

117 

41.30 

41.30 

41.30 

139 

81.88 

81.88 

81.88 

105 

11-12 

700 

82.47 

84.01 

83.24 

133 

48.60 

51.84 

50.22 

167 

81.88 

80.10 

80.99 

104 

13-14 
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84.01 

87.93 

85.79 

139 

54.17 

53.94 

54.05 

179 

83.88 

83.88 

83.88 

108 

15-16 

1,200 

88.64 

85.79 

87.23 

141 

59.77 

56.05 

57.91 

192 

80.99 

80.00 

80.49 

105 

17-18 

1,500 

80.40 

80.40 

130 

62.20 

55.40 

58.80 

195 

86.00 

85.14 

85.57 

110 

19-20 

2,500 

86.15 

84.55 

85.35 

139 

60.20 

59.10 

59.65 

198 

84.37 

89.50 

86.93 

111 

21-22 

5,000 

85.79 

85.79 

85.79 

139 

56.60 

57.08 

56.84 

188 

89.00 

88.33 

88.66 

114 

23-24 

10,000 

87.39 

89.00 

88.19 

143 

63.13 

61.98 

62.54 
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85.44 

87.05 
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n 

Rl 

TC 

KCENT 

PERCZNT 

vomoN 

Mgm.  N 

Mg]n.N 

Averue 

ingm.N 

»CBBCK 

Mgm.N 

Mgm.N 
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1-2 
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83.27 

83.30 

83.28 
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64.99 

65.05 

64.77 
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3-4 

50 

82.84 

83.64 

83.24 
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64.91 

63.49 

64.20 

100 

5-6 

100 

83.54 

82.05 

82.79 

99 

67.21 

70  07 

68.64 

106 

7-8 

300 

85.52 

85.52 

85.52 

102 

69.92 

70.10 

70.06 

108 

9-10 

500 

85.89 

85.80 

85.84 

102 

70.88 

71.50 

71.19 

109 

11-12 

700 

85.89 

85.29 

85.64 

102 

71.50 

71.50 

71.50 

110 

13-14 

900 

85.46 

85.29 

85.37 

102 

76.97 

77.20 

77.08 

118 

15-16 

1,200 

82.84 

84.58 

83.71 

100 

80.00 

80.98 

80.49 

124 

17-18 

1,500 

85.56 

85.46 

85.51 

102 

83.16 

83.02 

83.08 

128 

19-20 

2,500 

83.34 

84.43 

83.88 

100 

87.23 

83.22 

85.23 

131 

21-22 

5,000 

83.16 

82.62 

82.89 

100 

81.22 

82.35 

81.78 
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23-24 

10,000 

80.11 

79.02 

79.58 

95 

67.77 

68.94 

68.35 
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TO 
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1-2 
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29.87 

30.07 

30.02 
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51.62 

51.80 

51.71 
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3^ 

50 

32.70 

32.90 

32.80 

109 

48.94 

48.94 

48.94 

94 
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34.40 

34.89 
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115 

54.29 

54.65 

54-.47 
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38.15 
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38.36 
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53.75 

53.00 

53.37 
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53.04 
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52.81 
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11-12 
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42.83 

44.38 

43.60 

145 

54.29 

53.40 

53.84 
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13-14 

900 

56.02 

59.40 

57.71 

191 

52.51 

52.51 

52.51 
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15-16 

1,200 

52.32 

52.12 

52.22 

173 

52.69 

53.23 

52.96 
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17-18 

1,500 

45.89 

45.99 

45.94 

153 

51.89 

54.82 

53.35 
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2,500 

47.41 

47.20 

47.30 

157 

52.69 

52.69 

52.69 

102 
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5,000 

40.87 

41.96 

41.41 
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54.10 

54.80 

54.45 

105 

23-24 

10,000 

27.25 

28.15 

27.70 

92 

53.66 

54.10 

53.88 

104 
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to  the  presence  of  sodium  nitrate,  culminating  in  an  increase  of  107  per  cent 
above  the  untreated  soil.  With  the  smaller  amount  of  fertilizer,  100  to  300 
pounds  per  acre,  there  is  an  Increase  in  the  ammonia  accumulation  of  from 
30  to  40  per  cent  over  no  treatment.  In  comparing  the  results  of  this  experi- 
ment with  those  obtained  with  dried  blood  on  the  same  type  of  soil,  a  most 
astounding  difference  is  to  be  seen.  In  the  last  series  we  did  not  experience 
an  increase  of  over  7  per  cent  above  normal  with  all  the  concentrations  used, 
whereas  in  this  case  even  SO  pounds  per  acre  gave  us  an  increased  activity  of 
over  20  per  cent.  It  is  needless  to  remark  again  that  in  no  case  was  there 
noted  any  toxicity  to  the  process  of  simplification  of  the  protein  molecule. 

The  ammonification  of  cottonseed  meal  was  also  greatly  enhanced  in  the 
Carringtcn  loam  by  the  addition  of  NaNOi.  The  responses  to  successive 
increments  of  the  salt  were  smaller  in  this  type  of  soil  than  in  the  previous  one 
however.  Whereas,  in  the  above  soil  a  40  per  cent  increase  was  obtained  with 
a  concentration  of  300  pounds  per  acre,  it  required  several  times  this  amount 
to  produce  the  same  result  in  this  type  of  soil.  Moreover,  the  maximum  stimu- 
lation was  only  40  per  cent  above  normal,  whereas,  it  was  over  two  and  one- 
half  times  this  in  the  Norfolk  sandy  loam.  No  toxicity  from  the  application' 
of  large  amounts  was  apparent. 

The  Wooster  silt  loam  also  exhibited  a  greater  ability  to  anMnonify  cotton- 
seed meal  in  the  presence  of  varying  amounts  of  sodium  nitrate  than  did  dried 
blood.  In  this  type  of  soil  the  maximum  enhanced  activity  was  31  per  cent 
above  normal.  The  amount  of  sodium  nitrate  present  in  this  case  was  2500 
pounds  per  acre.  In  this  soil  no  enhanced  effect  was  noted  at  the  lowest 
concentration  of  applied  salts.  The  reaction  is*not  very  marked  xmtil  a 
quantity  of  salt  equivalent  to  300  or  500  poimds  per  acre  is  present.  In  this 
soil  there  is  no  toxicity  present  in  any  concentration  to  lower  the  activity  of 
the  ammonifying  group  below  the  non-treated  portions.  There  is,  however, 
evidence  that  if  the  concentration  was  increased  beyond  the  maximum  amoimt 
applied  here  bad  effects  would  follow.  This  is  indicated  by  the  depression 
from  the  maximum,  31  per  cent,  to  26  per  cent  and  6  per  cent,  respectively, 
where  5000  and  10,000  poimds  of  salt  were  applied. 

In  contradistinction  to  the  effect  of  sodium  nitrate  upon  the  ammonifiability 
of  dried  blood  in  the  previous  series  where  the  Penn  clay  loam  was  used,  a 
rather  noticeable  enhanced  activity  occurred,  reaching  a  maximum  of  14  per 
cent  above  normal  with  an  application  of  NaNOs  to  the  highest  concentration. 
Also,  appreciable  responses  are  to  be  noted  in  this  type  of  soil  with  smaller 
quantities.  A  comparison  of  the  effect  of  sodium  nitrate  upon  the  ammonifying 
flora  of  this  soil,  with  the  Carrington  loam,  Norfolk  sandy  loam  and  Wooster 
silt  loam  shows  us  that  it  is  the  least  affected  of  the  four.  The  question  arises 
as  to  the  cause  of  such  a  phenomenon.  Is  it  a  question  of  soil  flora?  Are  the 
more  aerobic  conditions  present  in  the  three  mentioned  soils  such  as  to  bring 
out  certain  types  and  groups  of  soil  microdrganisms,  which  are  stimulated 
by  applications  of  sodium  nitrate,  or  has  the  mechanical  condition  of  the  soil 
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tended  to  adsorb  the  soluble  nitrates  thus  keeping  them  out  of  the  soil  solution 
and  a£Fecting  the  soil  organisms?  Lipman  and  his  associates  have  shown  that 
applications  of  sodium  nitrate  were  much  more  effective  in  a  Penn  loam  soil 
that  had  been  diluted  by  means  of  quartz  sand  than  in  the  imdiluted  portion. 

The  Sierra  sandy  loam,  as  well  as  the  Muck,  although  evidencing  a  small 
enhanced  activity  due  to  the  presence  of  soluble  nitrates,  could  not  be  con- 
sidered as  being  very  greatly  stimulated  by  the  presence  of  this  salt.  In  the 
previous  series  where  dried  blood  was  used  as  the  ammonifiable  material 
the  Sierra  sandy  Icam  recorded  a  slightly  greater  enhanced  activity  than  in 
this  series,  some  4  per  cent  less  activity  being  noted  here.  A  toxic  effect  is 
also  on  hand  at  the  highest  concentration,  being  5  per  cent  below  the  untreated. 
In  the  Muck  soil  a  more  decided  stimulating  action  has  been  recorded  than  was 
present  in  series  1.  A  maximum  of  5  per  cent  was  reached  with  the  greatest 
amount  of  applied  salts.  With  more  rational  amounts  stimulative  actions 
var3dng  from  2  to  3  per  cent  are  to  be  seen.  On  repeating  the  experiment  in 
this  series  in  a  soil  devoid  of  nitrates  a  somewhat  similar  condition  is  met  with, 
as  was  experienced  in  the  previous  series.  The  maximum  enhanced  effect, 
91  per  cent  above  the  non-treated  portion,  was  found  at  a  concentration  equal 
to  900  pounds  per  acre.  Fifty  pounds  per  acre  increased  the  activity  of  the 
organisms  9  per  cent;  100  pounds  15  per  cent  and  300  pounds  27  per  cent.  A 
depressive  action  is  present  when  the  concentration  equaled  and  passed  1200 
pounds  per  acre.  This  depression  does  not  fall  below  the  record  for  the  un- 
treated portion,  but  falls  off  only  from  the  maximum  enhanced  effect. 

Quite  apparent  is  the  difference  between  the  action  of  sodium  nitrate  upon 
the  anmionification  of  cottonseed  meal  and  dried  blood  in  all  of  the  seven 
types  of  soil  used.  The  question  naturally  arises  as  to  why  this  is  so.  Our 
knowledge  of  the  chemical  constitution  of  dried  blood  tells  us  that  it  differs 
quite  considerably  from  cottonseed  meal.  In  the  first  place,  analyses  by  the 
writer  showed  it  to  have  approximately  one-half  as  much  total  phosphoric 
acid  and  potash  as  cottonseed  meal.  Also,  anal3rses  for  total  carbon  and 
nitrogen  tell  us  that  their  carbon-nitrogen  ratio  is  quite  different,  cottonseed 
meal  having  a  much  greater  quan^tity  of  available  energy-producing  materials, 
i.e.,  carbohydrates.  The  writer  has  shown  (21),  as  well  as  others,  that  when 
organic  materials  of  different  carbon-nitrogen  ratios  are  introduced  into  soils, 
considerable  changes  in  the  microbial  flora  are  brought  out.  Again,  one  can 
conceive  of  marked  differences  in  the  cleavage  products  of  the  two  substances. 
Other  things  being  equal,  we  should  expect  a  greater  acid  residue  from  cotton- 
seed meal  than  from  dried  blood.  This  would  of  course  affect  the  standing 
of  the  various  groups  of  soil  organisms,  as  has  been  shown  by  Fellers  (37)  with 
soil  bacteria  and  Kopeloff  (90)  with  soil  fungi. 

Perhaps  the  action  of  sodium  nitrate  upon  the  ammonification  of  cottonseed 
meal  would  not  be  so  striking  if  the  soil  were  made  alkaline  with  lime.  In- 
dicative of  such  a  thing  is  the  action  of  cottonseed  meal  in  the  Sierra  sandy 
loam,  which  as  will  be  remembered,  is  alkaline  in  reaction.    As  has  been  pre- 
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viously  pointed  out,  perhaps  phosphoric  acid  or  potash  is  important  for  the 
action  of  sodium  nitrate  in  increasing  the  decay  of  dried  blood.  With  these 
thoughts  in  mind  we  shall  follow  the  decay  of  dried  blood  and  cottonseed 
meal  in  the  presence  of  both  acid  phosphate  and  nitrate  of  soda,  in  the  presence 
of  available  potash,  in  limed  soils  and  in  the  presence  of  available  energy. 

Series  3.     The  influence  of  dextrose  upon  the  ammonifi^ation  of  dried  blood 

Thinking  that  perhaps  the  lack  of  stimulation  in  the  ammonification  of 
dried  blood  might  be  due  to  a  shortage  of  energy-producing  materials  an  ex- 
periment was  conducted  in  which  energy  was  supplied  in  the  form  of  dejctrose. 
However,  in  order  that  we  might  know  what  influence  dextrose  exerted  upon 
the  ammonifying  efficiency  of  the  various  soils  a  preliminary  experiment  was 
first  made  in  which  dextrose  was  added  in  the  absence  of  nitrate  of  soda. 
This  was  carried  out  by  the  same  method  as  before.  Dextrose  was  added  in 
amounts  equivalent  to  0.1,  0.3,  0.5,  0.7,  and  1  per  cent. 

An  examination  of  the  data  in  table  5,  recording  the  influence  of  dextrose 
upon  ammonification  in  the  various  soils,  shows  us  that  there  is  a  considerable 
difference  with  regard  to  the  influence  of  dextrose  upon  the  ammonification 
of  dried  blood  in  the  various  soils.  Although  the  ultimate  action  of  large 
quantities  of  dextrose  causes  a  decreased  accumulation  of  ammonia,  as  has 
been  previously  shown  by  Doryland  (27),  Lipman  and  Brown  (112)  and 
Hutchinson  and  Marr  (73),  in  some  soils  small  amounts  of  dextrose  gave  a 
stimulative  action  to  the  ammonifiers,  and  in  others  no  increase  above  the 
xmtreated  portions  is  to  be  seen.  The  stimulative  action  of  dextrose  in  the 
Penn  day  loam  is  quite  marked,  0.10,  0.30  and  0.50  per  cent  effecting  ap- 
preciable increases  in  ammonia  production.  One  per  cent  decreased  the 
ammonia  accumulation  42  per  cent.  An  increased  ammonia  accumulation 
was  obtained  with  0.10  per  cent  of  dextrose  also  in  the  Sierra  sandy  loam, 
Norfolk  sandy  loam  and  the  Muck  soil.  In  these  soils  as  well  as  in  the  Car- 
rington  loam  and  Wooster  silt  loam,  quantities  in  excess  of  this  depressed  the 
accumulation  in  varying  degrees.  The  greatest  depression  was  found  in  the 
Wooster  silt  loam,  followed  by  the  Norfolk  sandy  loam,  Carrington  loam, 
Sierra  sandy  loam,  Penn  clay  loam  and  Muck  soil.  It  will  also  be  seen  from 
an  examination  of  the  table  that  there  are  marked  differences  with  regard  to 
the  effects  of  specific  amounts  of  carbohydrates.  In  other  words,  0.30  per 
cent,  0.50  per  cent  or  0.70  per  cent  in  one  soil  did  not  produce  the  same  per- 
centage of  decrease  in  the  other  soils.  It  is  evident  then  that  energy-produc- 
ing material  will  influence  the  ammonification  of  dried  blood  to  a  great  extent, 
large  amoimts  producing  the  same  results,  whereas  smaller  quantities  cause 
other  effects,  not  necessarily  in  the  same  direction. 

The  fact  that  energy-producing  materials  lowered  the  accumulation  of 
ammonia  from  the  simplification  of  dried  blood  and  approached  accumulative 
conditions  present  with  cottonseed  meal  induced  the  writer  to  ascertain  whether 
or  not  this  factor  was  of  importance  in  causing  the  phenomena  in  series  1. 
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In  testing  this  out,  the  same  methods  as  preAdousIy  used  were  employed. 
The  first  series  was  carried  out  with  small  amounts  of  dextrose.  Two-tenths 
per  cent  of  dextrose  was  added  to  all  the  tumblers  with  2  gm.  of  dried  blood, 
and  thoroughly  mixed  with  the  soil.  Sodium  nitrate  was  then  added  as  before 
in  amounts  from  50  pounds  to  10,000  pounds  per  acre,  the  moisture  being 
brought  up  to  0.50  per  cent  of  the  water-holding  capacity  of  the  soil.  The  in- 
cubation and  the  analysis  were  exactly  the  same  as  in  series  1.  The  soib  used 
and  the  data  accumulated  are  recorded  in  table  6. 

TABLE  s 
Influence  of  various  amounts  of  dextrose  upon  the  ammonification  of  dried  blood 


CASsmaTON  loam 

NOUOLK  SANDT  LOAM 

8« 

nCMN  CLAT  LOAM 

SOD. 
90RTI0M 

DEX- 
TROSE 

S5 

i 

S5 

a 

8^ 

li 

a 

Jz; 

a 

I! 

a 

a 

^9 

•2: 

percent 

1-2 

None 

114.24 

113.90 

114.07 

100 

46.80 

46.63 

46.71 

100 

42.50 

42.34  42.21 

100 

3-4 

0.10 

100.74 

103.53 

102.13 

90 

47.85 

47.89 

47.87 

102 

49.50 

51.33 

50.46 

119 

5-6 

0.30 

80.74 

88.08 

88.41 

77 

45.94 

44.90 

45.42 

97 

44.71 

45.41 

45.06 

105 

7-8 

0.50 

74.82 

74.82 

74.82 

65 

36.71 

36.54 

36.63 

78 

42.45 

43.65 

43  05 

102 

9-10 

0.70 

62.98 

66.12 

64.50 

56 

30.97 

30.27 

30.62 

65 

38.28 

38.79 

38.53 

91 

11-12 

1.00 

53.90 

53.90 

53.90 

47 

21.40 

21.40 

21.40 

45 

24.70 

24.70 

24.70 

58 

DEX- 
TROSE 

iS 

p 

MUCK  SOIL 

P 

SOIL 
PORTION 

a 

S5 

a 

II 

:z: 

a 

Jz; 

a 

iz: 

a 

sz; 

a 

ia 

perceni 

1-2 

None 

98.65 

95.35 

97.00 

100 

92.22 

93.96 

93.09 

100 

94.83 

94.85 

94.84 

100 

3-4 

0.10 

102.13 

103.85 

102.99 

105 

90.13 

90.13 

90.13 

96 

97.20 

95.33 

96.26 

102 

5-6    ' 

0.30 

91.87 

91.87 

91.87 

94 

73.08 

73.08 

73.08 

78 

89.76 

89.43 

89.59 

94 

7-8 

0.50 

74.82 

77.60 

76.21 

88 

56.02 

58.63 

57.32 

61 

88.31 

84.73 

86,52 

91 

9-10 

0.70 

69.60 

65.25 

67.42 

75 

52.20 

50.80 

51.50 

55 

74.64 

68.03 

71.33 

75 

11-12. 

1.00 

49.94 

49.94 

49.94 

51 

31.66 

30.30 

30.98 

30 

72.10 

71.76 

71.93 

76 

A  comparison  of  this  table  with  table  3  (series  1)  shows  us  some  striking 
differences  with  regard  to  the  influence  of  sodium  nitrate  upon  the  ammonifica- 
tion of  dried  blood  in  the  presence  of  available  energy. 

It  will  be  remembered  that  in  series  1  the  effect  of  sodium  nitrate  upon  the 
ammonification  of  dried  blood  was  of  this  nature — ^first,  an  enhanced  effect, 
followed  by  a  reaction  non-divergent  from  the  maximum  until  a  toxic  condi- 
tion is  reached.  However,  if  we  look  at  the  action  of  this  soil  when  ammonify- 
ing dried  blood  in  the  presence  of  dextrose  and  sodium  nitrate,  we  find  an 
entirely  different  phenomenon.  In  the  Wooster  silt  loam  we  experienced 
first  a  slight  enhanced  effect,  and  then  not  the  straight  Une  effect  of  the  previous 
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series,  but  a  decided  lessened  accumulation  of  ammonia.  With  larger  amounts 
we  would  expect  to  see  the  toxic  action  again  acting,  and  this  is  the  case. 
The  degree  of  toxicity  is  diflferent,  however,  when  compared  with  that  in  the 
previous  series. 


TABLE  6 


The  influence  of  NaNOi  upon  the  ammonification  of  dried  blood  in  the  presence  of  dextrose 

(02  per  cent) 


NaNOi 

rat  ACBB 

1 

1 

i 

PKNN  CLAY  LOAM 

SOIL 

^ 

z 

Z 

% 

1^ 

z 

Z 

S^ 

1 

1 

1 

1 

<a 

i 

1 

If 

pounds 

1-2 

None 

92,82 

93.14 

92.98 

100 

59.29 

58.32 

58.80 

100 

60.41 

61.21 

60.81 

100 

3-4 

50 

92.66 

91.36 

92.01 

100 

57.89 

57.34 

57.61 

95 

57.70 

58.98 

58.34 

96 

5-6 

100 

95.58 

96.86 

96.22 

103 

58.83 

58.80 

58.81 

100 

57.67 

57.67 

95 

7-« 

300 

93.14 

92.98 

93.06 

100 

59.61 

59.61 

59.61 

101 

56.05 

56.00 

56.02 

92 

9-10 

500 

96.86 

97.36 

97.11 

104 

62.37 

57.43 

59.85 

102 

60.41 

59.60 

59.54 

98 

11-12 

700 

96.71 

96.55 

96.63 

103 

59.77 

59.77 

59.77 

102 

56.00 

55.08 

55.54 

91 

13-14 

900 

96.85 

97.61 

97.23 

104 

62.53 

66.09 

64.31 

109 

55.56 

58.33 

56.94 

93 

15-16 

1,200 

97.84 

96.00 

96.92 

103 

63.10 

63.50 

63.30 

108 

54.92 

56.54 

55.73 

90 

17-18 

1,500 

94.60 

94.00 

94.30 

101 

59.44 

58.80 

59.12 

100 

53.10 

52.46 

52.78 

86 

19-20 

2,500 

90.88 

90.08 

90.48 

97 

62.37 

62.37 

106 

53.10 

52.78 

52.94 

86 

21-22 

5,000 

88.12 

88.60 

88.36 

90 

55.89 

50.22 

53.09 

90 

52.65 

52.60 

52.62 

86 

23-24 

10,000 

80.19 

75:81 

78.00 

83 

61.50 

63.40 

62.45 

106 

52.60 

52.60 

52.60 

86 

80KL 

NaNOt 

PER  ACSX 

PI 
u 

at  CENT 

WOOSmSILT  LOAM 

PI 
u 

TC 

9t  CENT 

PORTION 

Mgm.N 

Mgm.N 

mgm.  IN 

XATXON 
> CHECK 

Mgm.N 

Mgm.N 

Average 

mgm.  N 

pounds 

1-2 

None 

103.29 

104.56 

103.92 

100 

92.82 

92.82 

92.82 

100 

3-4 

50 

104.13 

104.98 

104.55 

100 

92.84 

92.84 

100 

5-6 

100 

109.18 

109.66 

109.42 

105 

92.84 

92.84 

92.84 

100 

7-8 

300 

101.06 

103.68 

102.37 

99 

99.14 

92.84 

95.99 

103 

9-10 

500 

106.46 

107.27 

106.86 

103 

95.41 

96.21 

95.81 

103 

11-12 

700 

104.49 

106.27 

105.38 

102 

85.05 

85.05 

85.05 

92 

13-14 

900 

110.48 

110.80 

110.64 

107 

85.05 

81.48 

83.26 

89 

15-16 

1,200 

109.20 

111.50 

110.35 

107 

82.62 

82.62 

82.62 

88 

17-18 

1,500 

107.92 

107.10 

107.51 

104 

81.00 

81.00 

81.00 

87 

19-20 

2,500 

103.68 

103.68 

103.68 

100 

81.00 

81.00 

81.00 

87 

21-22 

5,000 

83.93 

88.90 

88.91 

85 

71.28 

71.08 

71.17 

75 

23-24 

10,000 

76.24 

77.86 

77.05 

75 

46.49 

46.97 

46.73 

50 

The  effect  of  dextrose  upon  the  ammonification  of  dried  blood  as  influenced 
by  sodium  nitrate  in  the  Penn  loam  clay  soil  is  also  radically  different  in  this 
series.  Previously  we  had  an  almost  straight  line  effect.  Now  the  influenc- 
ing factors  cause  a  broken  line  effect,  the  summation  of  which  is  a  decided  de- 
crease in  the  ammonia  accumulation.  The  influence  of  dextrose  alone  was 
stimulating,  that  of  sodium  nitrate  alone  was  not  appreciable  in  any  direction. 
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The  algebraic  sum  is  a  depression.  The  most  logical  explanation  would  be 
that  in  combination  these  two  materials  influenced  the  multiplication  of  soU 
organisms  to  such  an  extent  that  consumption  was  greater  than  production 
of  ammonia  as  the  nitrate  of  soda  was  increased. 

From  an  examination  of  the  effect  of  these  materials  upon  the  ammonifica- 
tion  of  dried  blood  in  the  Carrington  loam,  one  finds  no  apparent  change  from 
the  phenomenon  in  series  1  until  a  point  is  reached  where  the  toxic  factor 
again  enters  in.  Comparing  the  relation  values  for  the  three  highest  con- 
centrations we  find  that  in  the  series  without  dextrose  they  ran  96,  95  and  87, 
whereas  with  dextrose  the  same  concentrations  of  nitrate  induced  the  values  of 
97,  90  and  83.  It  would  appear  that  the  consumption-accumulation  factor 
was  acting  again. 

We  have  about  the  same  condition  prevailing  in  the  Sierra  sandy  loam. 
No  marked  difference  with  regard  to  the  combined  action  of  these  materials 
upon  ammonification  of  dried  blood  is  to  be  noted  until  high  concentrations 
of  sodium  nitrate  are  present.  As  in  the  above  soil  dextrose  again  lessens  the 
accumulation  of  ammonia  at  the  highest  concentrations  of  sodium  nitrate. 

The  influence  of  the  combined  action  of  sodium  nitrate  and  dextrose  on  the 
ammonification  of  dried  blood  in  the  Norfolk  sandy  loam  and  the  Muck  soU 
is  not  different  from  that  of  sodium  nitrate  alone  upon  the  simplification  of 
this  material.  It  will  be  remembered  that  dextrose  in  itself  was  stimulating; 
likewise,  sodium  nitrate  in  large  quantities.  The  combined  quantities  of  the 
two  do  not  show  any  stimulation  to  speak  of  over  the  imtreated  portions. 
Thinking,  however,  that  too  little  nergy  had  been  supplied,  the  series  was  re- 
peated with  the  use  of  a  larger  amount,  0.5  per  cent.  The  results  were  of  the 
same  nature  as  previously  described. 

Interpreted  in  terms  of  soil  fertility,  this  series  of  experiments  seems  to 
indicate  that  in  some  soils,  having  an  abundant  supply  of  energy-producing 
materials,  nitrate  of  soda  would  so  influence  biological  activities  that  they 
would  secure  a  considerable  portion  of  the  simplified  protein,  and  the  plants 
would  suffer  accordingly.  Moreover,  it  seems  to  indicate  very  strongly  that 
the  lack  of  stimulation  is  not  due  to  the  absence  of  carbohydrate  as  was  origin- 
ally surmised. 

Series  4^     The  influence  of  sodium  nitrate  upon  the  ammonification  of  dried 
blood  in  combination  with  acid  phosphate 

It  will  be  remembered  that  the  amount  of  phosphoric  acid  in  dried  blood  is 
about  one-half  of  that  present  in  cottonseed  meal.  Thinking  that  nitrate  of 
soda  would  stimulate  the  ammonification  of  dried  blood  or  cottonseed  meal  to 
a  greater  extent  if  more  available  phosphorus  was  present,  another  series  of 
experiments  were  set  up,  adding  acid  phosphate  containing  14  per  cent  of 
available  phosphoric  acid  to  the  soil  in  amounts  from  10  to  250  mgm.  The 
same  dried  blood  and  method  of  study  were  used  throughout  this  series.    A  pre- 
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liminary  experiment  was  first  set  up  to  determine  the  influence  of  phosphoric 
acid  upon  the  ammonification  of  dried  blood  and  cottonseed  meal  before  add- 
ing the  nitrate  of  soda,  the  results  of  which  are  given  in  tables  7  and  8.    An 

TABLE  7 
The  influence  of  acid  phosphate  upon  the  ammonification  of  dried  blood 


1-2 
3-4 
5-6 
7-8 
9-10 
11-12 


ACID 
PHOS- 
PHATE 


per  ceni 
None 
0.010 
0.025 
0.050 
0.100 
0.250 


CAUtlNOTON  LOAM 


i 


107. 
112. 
112. 
115. 
126. 
128. 


i 


108.57 
116.18 
115.85 
117.62 
123.54 
128.60 


n 

58 


108,05 
114.12 
114.20 
116.66 
124.93 
128.68 


100 
105 
105 
108 
115 
119 


NORFOLK  SANDY  LOAM 


49.41 
57.24 
58.46 
62.64 
67.86 
86.05 


a 


49.75 
54.63 
57.82 
63.51 
67.86 
86.05 


S3 
is 


49.63 
55.93 
58.14 
63.07 
67.86 
86.05 


100 
112 
117 
127 
136 
179 


PENN  CLAY  LOAM 


g 


54.45 
57.42 
62.64 
60.90 
63.33 
75.60 


8 

M 


54.45 
57.93 
61.69 
59.86 
64.03 
72.03 


54.45 
57.67 
62.17 
60.38 
63.68 
73.81 


100 
106 
112 
110 
117 
135 


1-2 
3-4 
5-6 
7-8 
9-10 
11-12 


ACID 
PHOS- 
PHATE 


per  cent 
None 
0.010 
0.025 
0.050 
0.100 
0.250 


SIERRA   SANDY  LOAM 


g 

13 


111. 

112. 
106, 
118. 
124. 
112. 


g 


113.10 
113.44 
108.75 
121.80 
122.67 
113.10 


112.49 
112.77 
107.66 
120.06 
123.71 
113.01 


100 
100 
95 
106 
108 
100 


WOOSTEX  SILT  LOAM 


z 

a 


95.57 
100.92 
101.61 
104.40 
116.58 
109.96 


94 
102, 

99. 
111. 
113. 
113. 


la 


95.68 
101.79 
100.38 
107.88 
115.18 
111.72 


100 
105 
104 
112 
120 
115 


87.00 
91.07 
90.48 
94.48 
94.78 
102.13 


z 

3 


87.00 
88.74 
90.48 
96.41 
94.94 
103.35 


Sg 


87.00 
89.90 
90.48 
95.94 
94.41 
102.74 


n 


100 
103 
104 
110 
109 
118 


TABLE  8 
The  influence  of  acid  phosphate  upon  the  ammonification  of  cottonseed  meal 


SOIL 
PORTION 


1-2 
3-4 
5-6 
7-8 
<^-10 
11-12 


ACID 
PHOSPHATE 


per  cent 
None 
0.010 
0.025 
0.050 
0.100 
0.250 


CARRINCTON  LOAM 


a 


51.60 
53.34 
54.60 
52.60 
60.00 
61.60 


3 

13 


51.20 
52.40 
56.60 
51.00 
56.20 
58.40 


fi 


51.40 
52,80 
55.60 
51.80 
58.10 
60.00 


100 
101 
104 
100 
112 
114 


FENN  CLAY  LOAM 


I 


34.40 
35.00 
34.40 
34.40 
34.40 
34.40 


34.60 
35.00 
34.80 
35.40 
34.80 
34.80 


34.50 
35.00 
34.60 
34.90 
34.60 
34.60 


100 
100 
100 
100 
100 
100 


SIERRA  SANDY  LOAM 


z 

g 


70.10 
70.20 
69.60 
76.00 
77.20 
71.00 


71.15 
71.80 
69.30 
76.00 
74.90 
69.50 


ii 


100 
100 

98 
107 
105 

98 


examination  of  the  tables  shows  us  that  in  every  case  applications  of  acid 
phosphate  increased  the  ammonification  of  dried  blood.  In  the  Norfolk 
sandy  loam  an  increase  of  over  79  per  cent  is  to  be  noted  due  to  the  highest 
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amount  applied,  25  gm.  Likewise  in  all  of  the  other  soils  there  are  increases 
over  no  treatment  varying  from  15  per  cent  in  the  Wooster  silt  loam,  to  18 
per  cent  in  the  Muck,  19  per  cent  with  the  Carrington  loam,  and  35  per  cent 
in  the  Penn  loam.  At  the  same  concentration  in  the  Sierra  sandy  loam  a 
depressed  activity  from  the  maximum  occurred.  It  would  seem  then  that 
perhaps  a  lack  of  phosphates  might  be  one  of  the  factors  limiting  the  production 
of  anmionia  in  series  1.  This  would  appear  all  the  more  reasonable  when  ure 
examine  the  influence  of  acid  phosphate  upon  the  ammonificatlon  of  cotton- 
seed meal.  The  soils  used  to  test  the  effect  of  cottonseed  meal  and  add  phos- 
phate were  the  Sierra  sandy  loam,  the  Penn  clay  loam  and  the  Carrington 
loam.  In  these  three  soils  the  only  one  in  which  the  ammonification  of  cotton- 
seed meal  was  stimulated  to  any  extent  at  all  was  the  Carrington  loam  and 
this  took  place  only  at  the  higher  concentrations.  In  no  case,  however,  was 
the  reaction  as  large  as  that  taking  place  with  dried  blood  and  acid  phos- 
phate. In  the  Penn  day  loam  absolutely  no  increase  over  no  treatment  is 
to  be  seen.  No  toxidty  was  noted  in  the  Sierra  sandy  loam  at  this  time,  as 
was  the  case  with  dried  blood  and  add  phosphate.  Taken  by  and  large,  the 
influence  of  add  phosphate  upon  the  ammonification  of  cottonseed  meal 
would  tend  to  strengthen  the  feeling  that  lack  of  phosphates  was  the  reason 
why  sodium  nitrate  did  not  influence  the  degradation  of  dried  blood  to  a 
greater  extent. 

However,  in  order  to  test  the  theory  out  another  series  of  experiments 
were  made.  On  account  of  the  fact  that  add  phosphate  did  not  stimulate 
the  simplification  of  cottonseed  meal,  the  experiment  was  confined  solely  to 
the  influence  of  sodium  nitrate  upon  the  ammonification  of  dried  blood  in  the 
presence  of  phosphates.  Three  types  of  soil  were  used,  the  Penn  clay  loam, 
the  Sierra  ssmdy  loam  and  the  Muck  soil.  The  amount  of  add  phosphate  giv- 
ing the  highest  stimulation  in  the  preliminary  experiments  was  supplied  to 
each  tumbler  with  2  gm.  of  the  same  dried  blood.  Sodium  nitrate  was  then 
added  in  amounts  equivalent  to  50  to  10,000  pounds  on  the  acre  basis.  The 
water  content  was  made  up  to  50  per  cent  of  the  water-holding  capadty  and 
the  contents  of  the  tumblers  incubated  at  20  to  22°C.  for  5  to  6  days.  At 
the  end  of  that  time  they  were  analyzed  for  ammonia  as  before  described.  In 
the  untreated  portion  the  ammonia  accumulation  in  the  Penn  clay  loam  was 
59.50  mgm.;  in  the  Siena  sandy  loam  120.40  mgm.  and  in  the  Muck  soil  96.57 
mgm.  No  deviation  from  this  figure  was  to  be  seen  in  any  of  the  soib  when 
sodium  nitrate  was  added  as  a  limiting  factor.  As  the  data  are  of  a  negative 
character  it  is  not  deemed  advisable  to  indude  a  table  at  this  point.  It  would 
seem,  then,  that  soditun  nitrate  is  not  aided  in  its  action  by  an  abimdant 
supply  of  phosphates. 

Perhaps,  however,  a  smaller  amount  of  phosphates  or  some  other  materials, 
such  as  potash  would  aid  the  action  of  this  fertilizer. 
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Series  5.     The  influence  of  potdsh  upon  the  ammonification  process 

In  order  to  determine  whether  potash  in  itself  is  of  importance  for  the  am- 
monifying group,  series  5  was  instituted.  The  beaker  method  was  used  as 
before,  with  dried  blood  as  the  ammonifiable  material.  As  potassium  chloride 
is  probably  the  most  widely  used  of  all  the  potash  carriers,  this  salt  was  used  in 
concentrations  from  0.01  to  0.25  per  cent.  Four  types  of  soil  were  used;  the 
Sierra  sandy  loam,  the  Carrington  loam,  the  Penn  clay  loam  and  the  Muck 
soil.    The  incubation  and  subsequent  anal3^is  were  carried  out  as  usual. 

TABLE  9 
The  influence  of  potassium  chloride  upon  the  ammonificaUon  of  dried  blood 


aon. 

KG 

CAKBmOION  LOAM 

POL  CSNT 
SILATION 
TO  CBXOE 

«             mm  OAT  LOAM 

m  CENT 

FQUnOH 

Mgm.N 

Mgin.N 

Avenge 
mgm.  N 

Mgm.N 

Mgm.N 

Aveiftge 
mgmTN 

ULATION 
TO  fglTK 

percent 

1-2 

None 

126.54 

127.42 

126.98 

100 

59.96 

60.19 

60.07 

100 

3-4 

0.010 

125.85 

125.85 

99 

60.87 

57.00 

58.93 

98 

5-6 

0.025 

126.54 

124.93 

125.73 

99 

59.28 

57.91 

59.09 

99 

7-« 

oaso 

126.54 

126.60 

126.57 

100 

60.87 

61.09 

60.98 

101 

9-10 

0.100 

121.29 

119.70 

120.49 

94 

61.56 

61.56 

61.56 

102 

11-12 

0.250 

118.56 

117.42 

117.99 

93 

54.72 

51.30 

53.01 

88 

BOIL 

KCI 

'            SDEBBA  BAMDT  LOAM 

PSRCBNT 

TO  cncK 

MUCK  SOIL 

mCBHT 

POKTION 

Mgrn-N 

Mgm.N 

Avenge 
mgm.rf 

Mgm.N 

Mgm.N 

Avenge 
mgm7T& 

TO  GBXCK 

f0f  cmt 

1-2 

None 

128.30 

124.26 

128.26 

100 

100.12 

98.49 

99.30 

100 

5-4 

0.010 

131.55 

130.41 

130,98 

103 

103.50 

103.94 

103.67 

104 

S-6 

0.025 

132.24 

131.10 

131.67 

104 

98.04 

100.87 

99.45 

100 

7-S 

0.050 

133.86 

131.58 

132.72 

105 

105.56 

105.12 

105.34 

105 

S^-10 

0.100 

125.85 

123.80 

124.82 

98 

103.50 

103.28 

103.39 

104 

11-12 

0.250 

93.98 

93.98 

93.98 

79 

99.18 

99.85 

99.51 

100 

The  e£Fect  of  KCI  upon  the  ammonification  of  dried  blood,  as  given  in  table 
9,  will  be  considered  first.  It  will  be  seen  that  potassium  chloride  had  little 
or  questionable  stimulative  effect  upon  the  cleavage  of  dried  blood  nitrogen. 
In  the  Carrington  loam  no  stimulation  at  all  is  to  be  noted.  With  amounts 
present  equal  to  0.01  and  0.025  per  cent  a  depression  is  noted  in  the  ammonia 
accumulation.  Likewise,  in  the  Penn  loam  and  Sierra  sandy  loam  toxicity 
is  evident  at  a  concentration  of  0.25  per  cent.  On  the  other  hand,  appreciable 
ammonia  increases  are  to  be  noted  as  the  effect  of  this  salt  in  small  concentra- 
tions in  the  California  and  Muck  soil.  This  is  to  be  expected,  for  the  Cali- 
fornia soil  is  not  as  yet  in  a  far  enough  advanced  stage  of  decomposition  to 
furnish  all  the  potash  needed,  either  for  the  plants  or  microorganisms.  Muck 
soils  are  notoriously  poor  in  total  potash.     Consequently,  a  response  would 
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naturally  be  anticipated  from  the  application  of  potash  to  these  soils.  The 
responses  to  potash  in  these  two  soils  and  the  lack  of  any  response  in  the  other 
two  soils  cannot  account  for  the  lack  of  stimulation  in  series  1.  To  state  the 
matter  in  other  terms,  we  could  hardly  expect  potash  to  benefit  the  action  of 
sodium  nitrate  if  it  in  itself  cannot  increase  the  degration  of  the  protein  mole- 
cule. Parenthetically,  it  may  be  pointed  out  that  KCl  is  greatly  more  toxic 
than  equal  quantities  of  sodium  nitrates. 

The  above  work  was  duplicated  with  cottonseed  meal  as  the  source  of 
organic  matter.  The  data  are  given  in  table  10.  In  every  soil  KCl  produced 
some  kind  of  a  reaction  upon  the  ammonifying  flora.    In  the  Sierra  sandy 

TABLE  10 
The  influence  of  potassium  chloride  upon  the  ammoniftcation  of  cottonseed  meal 


mul 

KQ 

PER  CENT 
RELATION 
TO  CHECK 

PENN  CLAY  LOAM 

MgiD.  N 

Mgm.  N 

Average 
mgm.  N 

Mgm.  N 

Mgm.  N 

Average 
mgm.  N 

TO  CBECK 

pv  cent 

1-2 

None 

74.55 

71.13 

72.84 

100 

54.72 

54.72 

54.72 

100 

3-A 

0.010 

67.44 

66.57 

67.00 

92 

58.56 

60.87 

59.71 

108 

5-6 

0.025 

75.69 

75.69 

75.69 

103 

58.14 

58.37 

58.25 

106 

7-8 

0.050 

81.17 

81.39 

81.28 

111 

52.66 

51.85 

52.25 

95 

5^10 

0.100 

81.86 

79.11 

80.48 

107 

53.05 

51.52 

52.28 

95 

11-12 

0.250 

86.60 

84.81 

85.70 

115 

52.44 

52.44 

52.44 

95 

BOO. 

KCl 

snoL 

tfA   SANDY  L 

OAM 

PER  ("ENr 
TO  CHECK 

MUCK  son. 

PORTION 

Mgm.  N 

Mgm.  N 

Average 
mgm.  N 

Mgm.  N 

Mgm.  N 

Average 

mgm.  N 

TO  CHECK 

per  cent 

1-2 

None 

86.64 

85.50 

86.07 

100 

88.79 

88.84 

88.61 

100 

3-4 

0.010 

84.36 

84.36 

98 

87.69 

87.69 

87.69 

99 

5-6 

0.025 

85.95 

82.08 

84.01 

98 

89.14 

89.36 

89.25 

100 

7-8 

0.050 

79.35 

80.48 

.  79.91 

93 

90.90 

91.94 

91.42 

103 

9-10 

0.100 

72.96 

72.96 

72.96 

84 

95.76 

94.16 

94.96 

107 

11-12 

0.250 

63.80 

63.58 

63.69 

74 

89.60 

89.82 

89.71 

100 

loam  a  decided  toxic  effect  was  produced  because  of  the  presence  of  all  con- 
centrations of  this  salt.  This  is  in  contradistinction  to  the  effect  of  KCl  upon 
the  ammonification  to  dried  blood.  With  the  other  three  soils  a  stimulative 
influence  is  to  be  seen  in  nearly  every  case.  The  soil  the  most  benefited 
seemed  to  be  the  Carrington  loam,  an  increase  of  over  15  per  cent  above  no 
treatment  being  registered  at  the  highest  concentration  of  salt  employed. 
In  this  experiment  no  toxicity  was  noted  with  this  soil. 

The  Penn  loam  soil  exhibited  a  stimulated  action  with  small  quantities  of 
the  salt.  Larger  quantities,  however,  depressed  the  acti\nties  of  the  ammoni- 
fying flora. 


Digitized  by 


Google 


SODIUM  NITRATE  AND  NITROGEN    TRANSPORMATIONS  381 

In  the  muck  soil  also  a  slight  enhanced  effect  is  present  in  concentrations 
around  0.025  per  cent.  However,  if  we  remember  the  large  stimulative  action 
that  sodium  nitrate  produced  upon  the  ammonification  of  cottonseed  meal 
in  series  2  it  does  not  appear  that  potassium  could  have  been  much  of  a  factor. 
Koch  (89)  also  has  come  to  a  similar  conclusion. 

Thinking  that  perhaps  single  applications  did  not  permit  satisfactory  pro- 
cedure in  studying  the  influence  of  a  material,  and  that  a  balancing  up  of  the 
nutrients  was  needed  to  obtain  better  effects  from  the  fertilization  with  sodium 
nitrate,  another  series  of  experiments  were  carried  out. 

Series  6.    The  influence  of  various  proportions  of  sodium  nitrate,  acid  phosphate, 

and  potassium  chloride  upon  the  ammonification  of  dried  blood 

and  cottonseed  meal 

In  preparing  this  series  an  attempt  was  made  to  include  as  large  a  number 
of  proportions  of  the  three  fertilizing  materials  as  possible.  This  was  brought 
about  by  the  use  of  the  triangular  diagram  as  used  by  Schreiner  and  Skinner 
(169).  It  has  been  shown  by  these  investigators  that  variations  in  the  propor- 
tions of  three  salts  by  increments  of  one-tenth  of  the  total  concentration  will 
produce  a  series  of  36  separate  ratios.  A  graphic  scheme  showing  the  manner 
in  which  this  series  was  handled  is  given  in  figure  1. 

Each  side  of  an  equilateral  triangle  is  divided  into  seven  equal  parts  and  lines 
drawn  through  each  point  in  the  division  so  obtained  parallel  to  each  of  the 
other  two  sides  of  the  triangle.  Each  of  the  original  points  and  each  of  the 
intersecting  lines  represents  a  distinct  and  separate  culture.  All  the  cultures 
on  the  base  line  of  the  triangle  have  one-tenth  of  the  total  fertilizer  in  the  form 
of  sodium  nitrate,  in  the  line  above  two-tenths  and  so  on  to  the  top  of  the 
triangle  which  has  eight  parts  of  sodium  nitrate.  The  first  culture  at  the 
base  line  of  the  triangle  has  one-tenth  of  its  total  fertilizer  concentration  in  the 
form  of  acid  phosphate  and  the  second  culture  two-tenths  and  so  on  to  the 
opposite  side  of  the  triangle.  Thus  the  eight  cultures  at  the  base  of  the 
triangle  have  from  one-tenth  to  eight-tenths  of  .the  total  fertilizer  applications 
in  th^  form  of  acid  phosphate.  Proceeding  from  the  right  to  the  left  side  of 
the  triangle  the  partial  concentration  of  potassium  chloride  in  each  culture 
increases  in  a  similar  manner  as  that  followed  by  acid  phosphate  passing  in 
the  opposite  direction.  Thus  the  eight  cultures  in  the  first  row  have  from 
one-tenth  to  eight-tenths  of  their  total  fertilizer  concentration  in  the  form  of 
acid  phosphate  and  from  eight-tenths  to  one-tenth  in  the  form  of  potassium 
chloride,  with  sodium  nitrate  making  up  the  remaining  concentration. 

Each  side  of  the  triangular  diagram  may  then  be  called  an  acid  phosphate 
side,  a  potassium  chloride  side  and  a  sodium  nitrate  side,  respectively. 

In  using  such  a  diagram  it  is  necessary  to  start  with  some  arbitrary  con- 
centration; after  due  deliberation  a  concentration  of  one-tenth  of  one  per  cent 
was  chosen,  this  concentration  being  more  often  than  not  reached  in  fertilizing 
practices.    The  method  of  carrying  out  this  experiment  was  as  follows. 
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One  hundred  gnms  of  soil  were  weighed  into  tumblers  and  oiganic  matter  weighed  into 
them  as  the  occasion  might  warrant.  The  three  salts  were  then  weighed  into  them  in  accord- 
ance with  that  already  described,  36  distinct  ratios  and  a  no  treatment  portion  being  set 
up,  the  effects  of  the  single  elements  themselves  having  been  previously  noted.  The  salts 
and  organic  matter  were  thoroughly  mixed  into  the  soil  and  moisture  added  equal  to  50  per 
cent  of  the  water-holding  capacity.  They  were  then  covered  with  a  glass  plate  and  incubated 
for  6  days  at  20  to  22°C.  At  the  end  of  this  time  the  cultures  were  analyzed  for  ammonia 
in  the  usual  way.  However,  in  order  to  overcome  the  time  element,  it  taking  some  ten  hours 
to  complete  an  experiment  of  74  cultures,  a  scheme  was  worked  out  whereby  the  cultmts 
were  analyzed  in  a  definite  out-of-order  manner. 


One  Part 

Acid 

Phosphate 


One  Part 
KOI 


One  Part  NaNOa 

Fig.  1.  DiAGKAM  Showing  the  Pkopoktions  op  the  Three  Fertilizers,  NaNd,  Aod 
Phosphate,  and  KCl. 

The  first  experiment  was  carried  out  in  the  Sierra  sandy  loam  with  dried 
blood  as  the  organic  matter.  The  data  accruing  from  this  experiment  arc 
given  in  table  11.  Column  two  gives  the  proportions  in  numerical  values. 
The  values  of  the  specific  ratios,  the  untreated  soil  being  taken  as  100  per  cent, 
also  are  tabulated. 

An  examination  of  table  1 1  shows  us  chat  the  various  proportions  of  fertilizer 
carriers  aU  affect  the  ammonlfication  of  dried  blood  somewhat  differently. 
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Considering  first  those  proportions  which  give  the  greatest  increases  over  the 
untreated  soils  it  will  be  seen  that  with  an  increase  in  the  quantity  of  acid 
phosphate  in  the  ratio  there  is,  without  any  exception,  a  higher  accumulation 
of  ammonia.  Comparing  also  the  action  of  add  phosphate  in  a  complete 
fertilizer  mixture  with  its  action  when  supplied  singly,  one  finds  that  the 


TABLE  11 

The  influence  of  the  various   proportions  of   NaNOt,  acid  phosphate  and  KCl  upon  the 
amntonificaiion  of  dried  blood  in  Sierria  Sandy  loam 


PIOMmOMB 

AOCOICOLAIIOM  or  AMHOiaA 

FOtCBNT 

BSAIIDNTO 

NaNOi 

Acid 
phoiphate 

Ka 

M«m.N 

Mgm.N 

mgniTV 

CaBBCX 

73-74 

110.80 

109.44 

110.12 

100 

1-2 

1 

8 

105.00 

107.52 

106.26 

96 

3-4 

2 

7 

111.30 

112.56 

112.93 

102 

5-6 

3 

6 

121.80 

120.66 

121.33 

110 

7-8 

4 

5 

127.12 

123.90 

125.51 

113 

9-10 

5 

4 

126.12 

126.12 

114 

11-12 

6 

3 

131.18 

123.48 

127.33 

115 

13-14 

7 

2 

133.80 

135,80 

134.80 

122 

15-16 

8 

1 

140.00 

138.60 

139.30 

125 

17-18 

2 

1 

7 

.    105.56 

113.40 

109.48 

99 

19-20 

2 

2 

6 

116.90 

119.00 

117.95 

107 

21-22 

2 

3 

5 

117.60 

117.60 

117.60 

107 

23-24 

2 

4 

4 

125.58 

125.58 

125.58 

113 

25-26 

2 

5 

3. 

123.20 

127.96 

125.53 

113 

27-28 

2 

6 

2 

131.88 

131.88 

131.88 

119 

29-30 

2 

7 

1 

136.88 

136.88 

124 

31-32 

3 

1 

6 

107.64 

112.98 

110.31 

100 

33-34 

3 

2 

5 

114.52 

112.00 

113.26 

102 

35-^ 

3 

3 

4 

116.48 

114.80 

115.64 

105 

37-38 

3 

4 

3 

'  125.30 

127.10 

126.20 

114 

3SM0 

3 

5 

2 

124.88 

124.00 

124.40 

113 

41-42 

3 

6 

1 

128.80 

129.08 

128.94 

117 

43-14 

4 

1 

5 

113.54 

112.28 

112.91 

102 

45-46 

4 

2 

4 

119,00 

120.96 

119.88 

108 

47-48 

4 

3 

3 

117.60 

119.98 

118.79 

107 

49-50 

4 

4 

2 

129.22 

123.62 

121.42 

110 

51-52 

'4 

5 

1 

120.96 

124.08 

122.52 

111 

53-M 

5 

1 

4 

113.88 

105.28 

109.58 

99 

55-56 

5 

2 

3 

119.00 

116.90 

117.90 

107 

57-58 

5 

3 

2 

117.60 

117.88 

117.74 

107 

59-60 

5 

4 

1 

119.56 

120.68 

120.12 

109 

61-62 

6 

1 

3 

111.44 

111.44 

111.44 

101 

63-64 

6 

2 

2 

117.12 

117.54 

117.33 

107 

65-66 

6 

3 

1 

119.84 

121.10 

120.47 

109 

67-68 

7 

1 

2 

112.28 

112.28 

112.28 

101 

69-70 

7 

2 

1 

112.28 

115.50 

113.89 

IW 

71-72 

8 

1 

1 

117.88 

116.76 

117.32 

107 
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presence  of  sodium  nitrate  and  potassium  chloride  has  greatly  benefited  the 
action  of  this  fertilizing  material.  In  the  previous  series  where  acid  phosphate 
alone  was  added  to  the  soil  in  testing  out  its  effect  upon  the  ammonification 
of  dried  blood,  it  was  found  that  a  concentration  of  0.10  per  cent  increased 
the  simplification  of  the  organic  matter  some  6  per  cent.  However,  the  same 
amount  of  fertilizer  having  one-half  the  concentration  in  the  form  of  add 
phosphate  and  the  remainder  in  the  form  of  sodium  nitrate  and  potassium 
chloride,  in  various  proportions,  enhanced  the  degradation  of  the  protein 
molecule  some  15  per  cent  above  the  untreated  soil.  Even  in  the  presence 
of  0.03  per  cent  of  acid  phosphate,  which  when  applied  alone  stimulated  activity 
only  slightly,  and  0.07  per  cent  of  various  proportions  of  sodium  nitrate  and 
potassium,  a  10  per  cent  greater  activity  is  to  be  noted.  Applied  singly,  add 
phosphate,  at  a  concentration  of  0.1  per  cent,  stimulated  the  ammonification 
of  dried  blood  some  8  per  cent;  with  the  same  concentration  of  acid  phosphate 
and  one  part,  respectively,  of  sodium  nitrate  and  fwtassium  chloride,  an  en- 
hanced effect  of  three-fold  this  was  experienced,  although  these  last  two 
materials  gave  very  little  reaction  when  applied  singly.  It  will  be  seen  that 
potassium  chloride  is  toxic  at  the  higher  concentrations,  which  is  in  keeping 
with  its  action  when  supplied  alone. 

If  we  take  the  proportions  where  potassium  chloride  remains  constant  and 
acid  phosphate  and  sodium  nitrate  increase  and  decrease  simultaneously  as 
the  total  concentration  is  approached,  we  find  with  a  decrease  in  the  add  phos- 
phate, a  corresponding  decrease  in  the  ammonia  accumulation.  Thus,  with 
a  ratio  of  1-8-1  an  enhanced  activity  of  25  per  cent  above  the  untreated  portion 
occurs,  whereas,  when  the  ratio  reaches  8-1-1  an  activity  of  only  7  per  cent 
is  to  be  seen;  with  a  gradual  decrease  between  these  extremes,  showing  with- 
out a  doubt  that  acid  phosphate  is  the  most  important  material  in  the  mixture. 
In  this  experiment  the  greatest  enhanced  activity  was  manifested  with  a 
proportion  of  1-8-1  and  the  least  with  1-1-8. 

Duplicating  the  above  experiment  in  the  Wooster  silt  loam,  we  find  a  similar 
set  of  conditions.  The  highest  stimulation  was  again  found  in  the  1-8-1  ratio. 
Making  the  amount  of  acid  phosphate  a  constant  and  increasing  and  decreasing 
the  sodium  nitrate  and  potassium  chloride,  we  note  that  at  high  concentrations 
of  potassium  chloride  a  toxic  condition  is  produced  again.  Increasing  the 
amoimts  of  acid  phosphate  seems  to  stimulate  the  ammonification  of  the  dried 
blood  and  the  presence  of  both  sodiimi  nitrate  and  potassium  chloride 
enhances  the  action  of  acid  phosphate. 

In  both  of  these  experiments  neither  sodium  nitrate  nor  potassium  chloride 
seems  to  increase  greatly  the  ammonification  of  dried  blood  when  present  in 
any  proportion  other  than  in  toxic  quantities.  Even  acid  phosphate  added 
in  small  amounts  to  these  proportions  fails  to  enhance  the  process.  On  the 
other  hand,  however,  acid  phosphate  seems  to  create  a  much  greater  ammoni- 
fying flora  when  its  action  is  balanced  by  various  quantities  of  sodium  nitrate 
and  potassium  chloride. 
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Another  experiment  was  run,  cottonseed  meal  being  used  as  the  ammonifi- 
able  material.  The  results  are  not  suitable  for  tabulation.  It  may  be  said 
in  passing  that  they  strongly  indicate  that  acid  phosphate  and  potassium 
chloride  are  of  little  importance  for  the  ammonihcation  of  this  material. 
Sodium  nitrate  increased  the  ammonihcation  of  cottonseed  meal  in  a  manner 
similar  to  its  action  when  appUed  singly. 

TABLE  12 
The  infiuence  of  various  proportions  of  NaNOt^  acid  phosphate  and  KCl  upon  ammonifkaiion 
of  dried  blood  in  Wooster  silt  loam 


KOPORTTON  OF  SALTS 

AMMONIA  ACCUKULATIOK 

PBRCKKT 

NaNOi 

Add 
phosphate 

KQ 

Mgm.N 

Mgm.N 

Avers  Ke 
mgm.N 

CHECK 

75-74 

86.80 

86.80 

86.80 

100 

1-2 

1 

1 

8 

84.00 

.85.12 

84.56 

97 

3-4 

1 

2 

7 

86.52 

86.24. 

86.38 

100 

5-6 

1 

3 

6 

86.94 

87.50 

87.22 

101 

7-8 

1 

4 

5 

91.98 

86.94 

89.46 

103 

9-10 

1 

5 

4 

101.08 

100.24 

100.16 

115 

11-12 

1 

6 

3 

102.79 

102.79 

117 

13-14 

1 

7 

2 

105.60 

96.88 

101.24 

115 

15-16 

1 

8 

1 

105.60 

102.77 

104.18 

120 

17-18 

2 

1 

7 

86.80 

82.46 

84.63 

97 

19-20 

2 

2 

6 

88.20 

87.78 

87.99 

102 

21-22 

2 

3 

5 

91.14 

92.12 

91.63 

105 

23-24 

2 

4 

4 

91.00 

89.74 

90.37 

104 

25-26 

2 

5 

3 

93.80 

95.48 

94.64 

109 

27-28 

2 

6 

2 

95.34 

96.60 

95.97 

110 

29-30 

2 

7 

1 

105.00 

101.92 

103.46 

119 

31-32 

3 

1 

6 

88.48 

88.48 

101 

33-34 

3 

2 

5 

89.60 

89.88 

89.73 

103 

35-36 

3 

3 

4 

88.48 

92.69 

90.53 

104 

37-38 

3 

4 

3 

88.20 

90.58 

89.39 

101 

39-40 

3 

5 

2 

98.08 

98.08 

113 

41-42 

3 

6 

1 

102.84 

106.10 

104.47 

120 

43-44 

4 

1 

5 

75.78 

75.00 

75.39 

86 

45^46 

4 

2 

4 

85.82 

85.82 

99 

47-48 

4 

3 

3 

84.28 

84.28 

84.28 

97 

49-50 

4 

4 

2 

90.16 

92.97 

91.55 

105 

51-52 

4 

5 

1 

95.20 

96.74 

95.97 

110 

53-54 

5 

1 

4 

82.88 

82.88 

82.88 

95 

55-56 

5 

2 

3 

86.20 

88.20 

87.00 

101 

57-58 

5 

3 

2 

94.78 

97.30 

96.04 

110 

59-60 

5 

4 

1 

93.24 

• 

93.24 

107 

61-62 

6 

1 

3 

89.05 

86.38 

87,71 

100 

63-64 

6 

2 

2 

89.32 

87.64 

88.48 

104 

65-66 

6 

3 

1 

89.88 

90.30 

90.09 

104 

67-68 

7 

1 

2 

84.00 

84.00 

84.00 

96 

69-70 

7 

2 

1 

88.48 

88.48 

88.00 

102 

71-72 

8 

1 

1 

87.22 

87.22 

101 
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Series  7.     The  infltience  of  alkaline  soil  conditions  upon  the  action  of  sodium 
nitrate  in  the  ammonification  of  dried  blood  and  cottonseed  meal 

Perhaps  the.action  of  sodium  nitrate  upon  the  ammonification  process  might 
be  different  under  alkaline  conditions.  To  test  this  out  another  series  of  ex- 
periments were  set  up,  the  beaker  method  being  used  as  previously  described. 
In  making  the  soil  alkaline  enough  calcium  oxide  (C.  P.)  was  added  to  the 
soil  to  neutralize  the  acidity  and  leave  an  excess  present  equal  to  2000  pounds 
per  acre.  Although  the  effect  of  sodium  nitrate  in  alkaline  soil  conditions 
was  studied  on  four  soil  types,  viz.,  the  Carrington  loam,  Norfolk  sandy  loam, 
Peim  clay  loam  and  Wooster  silt  loam,  only  its  effect  on  the  two  most  add 
soils  are  given. 

It  will  be  seen  from  an  examination  of  tables  13  and  13a  that,  although  lime 
increased  the  activity  of  the  soil  microorganisms,  it  did  not  create  conditions 
favorable  for  nitrate  of  soda  to  stimulate  the  ammonification  of  organic  matter 
in  either  of  the  two  soils.  In  fact,  alkaline  conditions  seem  to  diminsh  the 
stimulating  influence  that  sodium  nitrate  exhibits  in  the  same  soil,  and  with 
the  same  organic  matter  in  an  acid  condition. 

Moreover,  what  is  very  striking  is  the  effect  that  an  alkaline  condition  in- 
duces with  regard  to  the  ammonification  of  cottonseed  meal,  as  influenced  by 
various  quantities  of  sodium  nitrate. 

It  will  be  remembered  that  in  series  2,  the  ammonification  of  cottonseed  meal 
was  very  largely  enhanced  by  the  presence  of  NaNOj.  In  this  series,  however, 
'  the  influence  of  sodium  nitrate  is  very  meager  indeed,  manifesting  itself  only 
at  the  highest  concentrations,  and  then  only  to  a  very  slight  degree.  This 
fact  is  also  very  evident  when  we  consult  the  data  recording  the  action  of 
sodium  nitrate  in  the  limed  Carrington  loam.  In  series  2,  small  amounts  of 
sodium  nitrate  gave  us  as  great  an  activity  as  ten  times  this  amount  in  this 
experiment.  In  the  former  series  the  highest  stimulated  activity  was  43  per 
cent  over  that  of  the  untreated  soil.  In  this  series  the  greatest  enhanced 
effect  is  not  over  10  per  cent  above  the  untreated. 

The  toxic  influence  of  sodium  nitrate  is  not  quite  so  marked  in  the  presence 
of  lime  as  can  be  seen  by  comparing  the  respective  ammonia  accumulations 
at  the  highest  concentrations  in  both  series.  The  effect  of  lime  in  overcom- 
ing the  toxic  effect  of  single  salt  applications  has  been  previously  shown  by 
Kearney  and  Cameron  (29),  Hansteen  (62),  Loeb  (113),  and  Oesterhout  (131). 

As  an  explanation  of  the  phenomena  in  this  series  we  may  advance  several 
theories.  In  the  first,  place  we  may  conceive  of  the  combined  action  of 
sodium  nitrate  and  calcium  oxide  so  increasing  cell  division  that  although  there 
was  a  marked  degradation  of  the  protein  the  ultimate  acciunulation  would  be 
lowered,  because  of  the  fact  that  it  might  be  used  as  a  source  of  food  and 
energy. 

We  know  also  from  the  work  of  various  investigators  such  as  Faelli  (34), 
Hall  (59),  Marchal  (123)  and  Ramann  (145),  that  acid  soils  may  have  an  en- 
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tirely  diflferent  flora  from  that  of  alkaline  soils.  These  investigators  tell  us 
that  acid  soils  have  a  much  greater  proportion  of  fungi  to  bacteria  than  alkaline 
soils.    Brown  (ll),Engberding  (33)  and  vonFeilitzen(36)  have  taught  us  that 

TABLE  13 
The  influence  of  sodium  nitrate  upon  the  ammonification  of  dried  Uood  in  limed  soils 


FOUNDS 
nRACSX 

NaNOi 

WOOSm  SOT  LOAM 

nKCZHT 
SXIATZOM 
TOODSCX 

CAEBJMOIONLOAM 

SOUL 

PORTION 

Ammonia  AccumuUtion 

Ammonia  Accumulation 

HKCEWr 

KKiAnaN 

TOCBBCK 

Mgm.N 

Mgm.N 

Average 
Mgm.N 

Mgm.N 

Mgm.N 

Average 
Mgm.K 

1-2 

None 
None 

+ 

82.45 

81.90 

82.17 

139.91 

138.89 

139.40 

3-4 

lime 

104.58 

105.28 

104.93 

100 

158.10 

158.60 

158.35 

100 

5-6 

100 

100.98 

103.19 

102.08 

98 

158.10 

159.50 

158.80 

100 

7-« 

300 

104.21 

101.66 

102.93 

98 

161.16 

159.80 

160.48 

101 

9-10 

500 

106.59 

106.27 

106.43 

102 

159.80 

159.80 

100 

11-12 

900 

106.23 

106.23 

106.23 

102 

154.70 

153.30 

154.00 

97 

13-14 

1,500 

109.33 

107.60 

108.46 

104 

159.90 

160.82 

160.36 

101 

15-16 

2,500 

93.90 

95.88 

94.89 

89 

158.10 

156.74 

157.42 

99 

17-18 

5,000 

87.04 

85.00 

81.02 

77 

153.17 

153.34 

153.25 

97 

19-20 

10,000 

71.06 

69.70 

70.38 

66 

144.88 

143.82 

144.35 

91 

TABLE  13a 
The  influence  of  sodium  nitrate  upon  the  ammonification  of  cottonseed  meal  in  limed  soUs 


CABBUK^GN  LOAV 

PER  CBMT 
TO  CHICK 

wooBim  sm  loam 

Ammonia  Accumulation 

Ammonia  Accumulation 

son. 
Fosncar 

POUNDS 
FOt  ACBS 

NaNOi 

Mgm.N 

Mgm.  N 

Average 
Mgm.l<f 

Mgm.  N 

Mgm.  N 

Average 
Mgm.  11 

1-2 

None 

78.54 

83.30 

80.92 

61.54 

57.46 

59.50 

3^ 

None 

+ 
lime 

89.44 

90.93 

90.18 

100 

69.87 

69.87 

100 

5-6 

100 

89.44 

90.93 

90.18 

100 

69.87 

69.87 

69.87 

100 

7-8 

300 

93.50 

93.50 

93.50 

103 

68.85 

68.00 

68.42 

99 

9-10 

500 

90.10 

92.48 

91.29 

101 

70.55 

69.87 

70.21 

101 

11-12 

900 

96.22 

96.56 

96.39 

106 

67.15 

69.36 

68.25 

95 

13-14 

1,500 

103.02 

101.46 

102.24 

113 

77.86 

79.56 

78.71 

112 

15-16 

2,500 

96.39 

95.20 

96.29 

106 

76.16 

73.44 

74.80 

108 

17-18 

5,000 

96.56 

93.16 

94.86 

104 

74.80 

76.50 

75.65 

109 

19-20 

10,000 

95.52 

95.20 

96.36 

105 

72.76 

72.76 

72.76 

106 

lime  changes  the  flora  by  considerably  increasing  the  niunbers  of  microorganisms. 
Moreover  the  researches  of  Kopeloff  (90),  McLean  and  Wilson  (124),  Waks- 
man  and  Cook  (212),  as  well  as  the  writer  (21),  have  shown  conclusively  that 
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the  addition  of  vegetable  organic  matter  of  various  kinds  markedly  affects 
the  soil  flora.  It  was  shown  that  cottonseed  meal  and  like  carbohydrate- 
carrying  materials  increase  and  alter  both  types  and  numbers  to  a  great 
extent.    Fungi  in  particular  are  greatly  enhanced  in  their  activity. 

Perhaps,  then,  the  combination  of  an  acid  soil  and  cottonseed  meal  has  pro- 
duced a  flora  mainly  of  a  fungus  character,  stimulated  in  its  activity  by  appli- 
cation of  sodium  nitrate.  On  the  other  hand,  it  is  known  that  dried  blood  is 
more  acceptable  to  bacterial  activity  in  such  a  way  that  we  can  detect  it  by 
this  method,  or  possibly  not  at  all.  If,  now,  we  should  make  the  soil  alkaline, 
the  activity  of  the  fungi  would  be  depressed  and  a  higher  proportion  of  bacteria 
would  be  present.  Were  sodium  nitrate  now  applied  one  would  expect  a  re- 
action similar  to  that  in  series  1,  if  our  hypothesis  is  tenable.  Such  a  phe- 
nomenon does  actually  take  place  with  cottonseed  meal,  dried  blood,  caldum 
oxide  and  sodium  nitrate,  particularly  with  the  former  source  of  organic 
matter.  It  would  seem  that  the  decreased  stimualtion  in  this  series  could  be 
partially  accounted  for  on  this  basis. 

However,  in  order  to  gain  a  more  definite  knowledge  of  the  action  of  sodium 
nitrate  upon  soil  microorganisms,  per  se^  another  series  of  experiments  were 
set  up  to  test  the  effect  of  sodium  nitrate  upon  some  pure  cultures  of  soil 
microorganisms. 

Series  8.     The  effect  of  sodium  nitrate  upon  the  activity  of  some  pure  cultures 

of  soil  microdrganisms 

In  studying  the  influence  of  sodivmi  nitrate  upon  the  activities  of  pure 
cultures  of  soil  organisms  the  method  as  outlined  by  the  author  (20)  in  another 
puHication  was  employed.  Briefly,  it  consists  of  inoculating  sterilized  soils 
supplied  with  organic  matter,  with  pure  cultures  of  the  organisms  to  be  tested 
and  measuring  their  activity  as  usual  by  means  of  the  ammonia  accumulation. 

In  this  series  cottonseed  meal  was  used,  as  .the  stimulation  was  previously 
obtained  with  this  material.  Ten  soil  fungi  and  six  soil  bacteria  were  tested 
out.  The  Actinomyces,  being  very  weak  or  non-ammonifying  organisms,  were 
eliminated.    [Consult  Waksman  and  Curtis  (213).] 

The  data  showing  the  influence  of  sodium  nitrate  upon  the  ammonifying 
efficiency  of  the  soil  fungi  tested  are  given  in  table  14.  The  organic  matter 
used  was  cottonseed  meal  and  the  soil  the  Norfolk  sandy  loam.  Sodium  ni- 
trate was  supplied  in  amounts  ranging  from  10  to  250  mgm.  per  100  gnL  of  soil. 

It  will  be  seen  from  an  examination  of  table  14  that  soil  fungi  vary  consider- 
ably with  regard  to  their  response  to  sodium  nitrate.  The  organism  showing 
the  greatest  response  to  appUcations  of  this  salt  is  Aspergillus  niger,  an  appli- 
cation of  500  mgm.  of  the  fertilizer  stimulating  its  activity  64  per  cent  over  the 
untreated  portion.  Aspergillus  bobUi,  Fusarium  buUatum  and  Penicillium 
notatum  were  all  very  favorably  influenced  by  quantities  of  the  salt  up  to  250 
mgm.    All  the  fungi  with  the  exception  of  Aspergillus  niger  and  Aspergillus 
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bobili  were  aflFected  adversely  by  additions  of  0.5  per  cent  of  sodium  nitrate. 
PeniciUium  Uvidum,  MonUia  sitopkUa,  Mucar  spinosis,  PmiciUium  sp.^  RUz- 
opus  trUica  and  Zygorhynchus  Vuitteminii  were  either  benefited  only  slightly 
or  not  at  all  by  applications  of  the  salt.  None  of  the  organisms,  however,  gave 
anywhere  nearly  as  much  response  to  sodiiun  nitrate  as  was  evidenced  in  the 
crude  culture  work. 

Turning  our  attentiox)  to  the  action  of  sodium  nitrate  upon  the  activities 
of  some  common  soil  bacteria  we  also  find  a  stimulating  effect  in  nearly  every 
case.  The  greatest  stimulation  is  to  be  seen  in  the  experiment  with  BaciUus 
subtiliSy  and  the  least  with  BaciUus  megakrium.  In  part  this  latter  organism's 
activity  is  greatly  decreased  by  application  of  sodium  nitrate.  A  fact  of  im- 
portance to  be  noted  is  that  sodium  nitrate  is  much  more  harmful  to  soil 
bacteria  in  higher  concentrations  than  to  soil  fugi. 

Considering  both  groups  of  organisms,  the  fungi  seem  to  be  more  favorably 
influenced  by  applications  of  sodium  nitrate  than  the  soil  bacteria  studied,  a 
fact  which  would  strengthen  our  hypothesis  put  forth  in  the  last  series  of 
experiments. 

In  order  to  see  just  how  far  the  accumulation-consiunption  theory  is  tenable, 
a  new  series  of  experiments  were  instituted  as  described  in  the  following 
paragraphs. 

Series  9,    A  study  of  ammonia  accumulation  versus  protein  simplificaHoH 
as  a  factor  in  ammonification  studies 

In  ammonification  studies  we  use  as  our  standard  of  measure  the  accumula- 
tion of  a  material  readily  used  by  microbial  life.  Necessarily  the  amount  of 
material  accumulating  depends  almost  entirely  upon  the  excess  remaining 
after  the  microorganisms  have  become  satiated.  In  fact,  it  has  been  shown, 
that  if  the  energy  relations  are  right,  we  may  get  no  accumulation  of  ammonia 
at  all.  This  may  be  the  case  in  the  previous  series  where  sodiimi  nitrate  did 
not  increase  the  ammonia  accumulation  after  a  certain  maximum  has  been 
reached. 

If  we  wish  to  eliminate  this  factor  from  our  experiments,  we  must  chose 
some  other  end  point,  one  which  will  not  be  generally  used  by  soil  micro- 
organisms. The  baaeriologist  has  several  such  processes  at  lus  conunand. 
He  may  use  the  accumulation  of  carbon  dioxide  as  proposed  by  Van  Suchtelen 
(199)  and  Potter  and  Snyder  (143),  or  he  may  use  the  acciunulation  of  sulfate 
as  outlined  by  Brown  and  Kellogg  (13).  Unfortunately,  no  satisfactory  means 
for  the  canying  out  of  these  two  processes  were  at  hand;  consequently,  some 
other  method  had  to  be  devised.  In  developing  such  a  method  Kelley's  (83) 
work  on  the  hydrolysis  of  casein  seemed  to  suggest  a  method  whereby  this 
assimilation  factor  could  be  eliminated.  We  know  that  casein  is  easily  pre- 
cipitated from  neutral  solutions  by  means  of  weak  adds.  This  fact  allows 
us  to  develop  a  method  for  the  study  of  the  ammonia  production  and  anunonia 
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consumption  process.  In  other  words,  should  we  employ  this  as  a  source  of 
ammonificable  material  we  could  eliminate  the  usual  end  point,  ammonia,  and 
instead  use  as  a  measure  of  activity  what  has  remained  behind  unacted  upon 
by  the  microSrganisms.  This  can  be  carried  out  at  certain  specified  intervals 
and  in  this  manner  the  process  may  be  studied  periodically. 


TABLE  15 

The  influence  oj  sodium  nitrate  upon  the  'ammonifying  efficiency  of  soil  bacteria 

NaNOi 

2 

i 

BACILLUS 
TUlfESCKHS 

g 

son. 
romoN 

Ammonia 
Accumulation 

Ammonia 
Accumulation 

Ammonia 
Accumulation 

\ 

2: 

^ 

2 

^ 

s* 

!z: 

^ 

P 

1 

i 

1 

II 

1 

:3 

1 

II 

puuiU 

1-2 

None 

30.50 

31.30 

30.90 

100 

11.32 

9.02 

10.17 

100 

10.22 

9.92 

10.07 

100 

:^4 

0.010 

36.26 

36.56 

36.41 

117 

10.22 

10.64 

10.43 

102 

8.62 

9.12 

8.87 

88 

5-6 

0.025 

36.11 

36.01 

36.06 

116 

10.04 

9.92 

9.98 

98 

10.24 

9.04 

9.64 

96 

7-8 

0.050 

35.48 

35.06 

35.27 

113 

12.42 

14.40 

13.41 

132 

8.84 

8.64 

8.74 

87 

9-10 

0.100 

30.40 

29.78 

30.09 

99 

13.52 

9.62 

11.57 

113 

7.04 

8.70 

7.87 

78 

11-12 

0.250 

28.20 

26.80 

27.50 

89 

7.30 

8.04 

7.67 

75 

8.44 

9.92 

9.18 

91 

13-14 

0.500 

25.90 

26.06 

25.98 

84 

5.44 

6.34 

5.89 

57 

7.22 

8.54 

7.88 

78 
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H 
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B^ 
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Accumulation 
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Accumulation 
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2 

i 

1 

5^ 

II 
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i 

II 

1 

1 

§1 
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Is 
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None 

54.50 

58.00 

56.25 

100 

14.50 

13.70 

14.10 

100 

13.30 

13.30 

100 

3-4 

0.010 

59.58 

57.68 

58.63 

103 

18.03 

17.58 

17.80 

111 

14.92 

14.52 

14.72 

110 

5-6 

0.025 

52.58 

51.62 

52.10 

92 

15.00 

14.92 

14.96 

105 

14.20 

13.92 

14.06 

110 

7-8 

0.050 

59.38 

59.36 

59,37 

106 

15.58 

14.68 

10.13 

70 

14.37 

14.80 

14.58 

110 

9-10 

0.100 

64.54 

62.00 

63.27 

116 

15.40 

12.20 

13.80 

92 

12.40 

12.17 

12.28 

90 

11-12 

0.250 

54.70 

49.00 

51.85 

92 

12.92 

12.22 

12.57 

80 

10.25 

10.25 

79 

13-14 

0.500 

35.66 

37.06 

36.36 

64 

12.90 

12.95 

12.93 

81 

8.94 

8.84 

8.89 

68 

It  is  upon  these  principles  that  the  experimental  work  in  this  series  has  been 
based.  In  carrying  out  such  an  experiment,  however,  it  is  necessary  to  start 
with  a  good  quality  oiE  casein.  In  order  to  secure  this,  it  is  necessary  to  re- 
predpitate  that  usually  found  on  the  market.  The  purification  of  the  com- 
mercial casein  was  brought  about  as  follows. 

Commercial  casein  was  dissolved  in  warm  N/10  sodium  hydrate  and  filtered  through  a 
double  thickness  of  cotton.    The  filtrate  was  then  acidified  with  weak  acetic  add  and  the 
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casein  precipitated.  The  supematent  liquid  was  then  removed,  the  precipitate  placed  od  a 
filter  paper  and  washed  free  from  acid  with  distilled  water.  The  precipitate  was  then  put 
in  a  flask  and  digested  with  ether  for  24  hours.  At  the  end  of  this  time  the  ether  was  re- 
moved by  means  of  95  per  cent  alcohol  which  at  the  same  time  removed  any  sugars,  etc. 

The  casein  was  then  dried  over  sulfuric  aqid  in  a  water  over  at  100**C. 

« 

The  resulting  product  was  not  of  the  same  nitrogen  analysis  as  the  theoreti- 
cal casein  molecule,  but  was  a  marked  improvement  over  the  original  material. 

In  cairymg  out  the  experimentation  proper,  enough  of  this  purified  material  was  dissolved 
in  dilute  N/10  sodium  hydrate  to  give  100  mgm.  of  nitrogen  per  100  cc.  of  solution;  lQO<c. 
portions  were  then  placed  in  200-cc.  Erlenmeyer  flasks  and  varying  quantities  of  sodium 
nitrate  added  as  shown  in  table  16.  Five  grains  of  fresh  Norfolk  sandy  loam  were  used 
as  inoculating  material,  the  flasks  thoroughly  shaken  and  then  allowed  to  incubate  for  variouB 
intervals  of  time.    The  casein  was  precipitated  from  the  100  cc.  of  solution  by  means  of 

TABLE  16 
The  influence  of  NaNOt  upon  the  ammonification  and  hydrolysis  of  casein 


TREATIIZNTS 

pnuoD 

Series  1— No  treat- 
ment 

Series  2-10  Mgm. 
NaNQi 

Series  3—50  Mgm. 
NaNOi 

Series  4—100  Mgm. 
NaNOi 

Series  5-500  Mgn. 
NaNOi 
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II 

a  ts 
o  2 

?5 

1-^ 

< 

P 

tu 

|1 

u 

days 

1 

0.90 

6.72 

0.96 

4.55 

0.75 

4.78 

1.26 

5.30 

1.35 

5.93 

2 

2.60 

13.95 

3.15 

13.04 

4.80 

25.80 

4.20 

23.95 

3.30 

18.35 

3 

10.00 

21.50 

10.55 

20.30 

13.75 

49.50 

14.70 

52.20 

12.20 

56,70 

4 

20.00 

40.75 

21.15 

45.90 

26.70 

52.40 

30.50 

54.40 

25.10 

61.65 

5 

26.00 

46.02 

26.40 

43.56 

38.70 

52.40 

41.45 

55.05 

27.79 

61.23 

7 

42.29 

52.03 

47.04 

53.32 

51.36 

55.29 

50.00 

55.52 

30.68 

60.78 

1  per  cent  acetic  acid.  This  was  filtered  off  and  the  total  nitrogen  in  the  same  determined. 
Likewise  the  filtrate  was  analyzed  for  ammonia  by  the  magnesium  oxide  method.  The 
original  solution  of  casein  was  precipitated  and  analyzed  for  total  nitrogen  and  ammonia 
and  the  results  calculated  on  the  figures  so  obtained.  It  was  likewise  known  that  casein 
autohydrolyses.  In  order  to  take  this  into  consideration  an  experiment  was  set  up  without 
inoculation.  Bacterial  infection  was  eliminated  by  means  of  toluol.  The  figures  result- 
ing from  the  autohydrolysis  have  also  been  taken  into  consideration  in  calculating  the  results. 

In  calculating  the  data  the  figures  in  the  column  headed  "Accumulation  of 
ammonia"  represent  the  ammonia  found  in  the  filtrate  after  the  casein  has 
been  precipitated  by  acetic  acid.  The  column  headed  "Casein  hydrolyzed" 
gives  the  amount  of  casein  not  precipitated  by  acetic  acid  after  a  given  interval 
of  time  and  represents  that  portion  which  has  been  acted  upon  by  micrcdigan- 
isms.  It  will  be  seen  by  consulting  table  16  that  as  the  casein  is  acted  upon 
by  biological  processes  it  goes  into  non-predpitable  forms.    That  is  to  say, 
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as  the  interval  of  time  increases  between  the  first  and  subsequent  analyses, 
we  have  less  casein  in  solution.  On  the  other  hand,  we  have  a  corresponding 
increase  in  the  h3rdrolyzed  portion,  with  the  formation  of  amino-acids  and 
ammonia.  The  experiment  was  run  in  duplicate  and  the  results  given  are 
the  average  of  two  determinations.    The  duplicates  checked  weU. 

It  will  be  seen  from  a  survey  of  table  16  that  at  the  end  of  24  hours  very 
little  action  has  taken  place  in  the  cultures.  The  untreated  flasks  have  the 
greatest  amount  of  casein  hydrolyzed  at  this  interval..  At  the  end  of  48  hours 
some  marked  changes  have  taken  place  in  the  various  flasks.  If  we  compare 
series  2  with  the  check  flasks  we  find  that  no  great  change  has  taken  place  as 
a  result  of  the  presence  of  10  mgm.  of  sodium  nitrate.  However,  if  we  compare 
the  third  series  with  the  untreated  portion,  we  find  that  although  the  untreated 
portion  is  only  slightly  increased,  the  amount  of  casein  hydrolyzed  has  in- 
creased very  markedly.  This  is  vastly  out  of  proportion  to  the  amount  of 
ammonia  accumulated  if  we  conceive  all  the  spilt  ammonia  as  accumulating. 
It  is  very  evident  that  something  is  happening  which  militates  against  the 
accumulation  of  ammonia.  This  is,  likewise,  true  in  the  fourth  and  fifth 
series. 

At  the  end  of  72,  96,  120  and  144  hours  this  is  again  true.  Where  there  is 
an  increase  in  ammonia  due  to  the  action  of  sodium  nitrate  over  that  accumu- 
lating in  the  untreated  series,  the  amounts  of  casein  hydrolyzed  at  any  given 
interval,  as  compared  with  the  untreated  portions,  is  much  greater  in  all  cases. 
Larger  amounts  are  hydrolyzed  earlier,  with  the  higher  concentration  of  the 
salt. 

Of  especial  notice  is  the  phenomenon  in  series  5.  Although  the  ammonia 
accumulation  is  not  as  large  as  is  present  in  any  of  the  treated  series  the  amount 
of  casein  hydrolyzed  is  much  greater.  At  the  end  of  72  hours  although  only 
12.3  mgm.  of  ammonia  accumulated,  the  amount  of  casein  hydrolyzed  is 
greater  than  that  hydrolyzed  in  the  imtreated  portion  in  168  hours.  It  is  also 
greater  than  that  hydrolyzed  in  series  4  in  120  hours. 

It  would  seem  then  that  the  ammonia  production-consumption  theory  was 
of  great  importance  in  ammonification  studies. 

We  may  accept  the  theory  that  sodium  nitrate  does  actually  increase  bio- 
logical activities  to  such  an  extent  that  an  increased  production  of  ammonia 
does  not  necessarily  take  place,  although  in  fact  the  mineralization  of  the 
material  has  proceeded  faster  and  to  a  greater  extent.  Such  being  the  case, 
a  new  question  arises,  namely,  as  to  the  ultimate  fate  of  this  nitrogen  and  h-w 
soon  it  will  again  be  available  for  plant  growth.  This  question  will  be  dis- 
cussed later  under  another  heading. 

If,  as  has  been  pointed  out,  in  some  instances  we  receive  an  increase  in  the 
ammonia  formed  by  applications  of  sodivmi  nitrate,  and  in  other  cases  no 
increase  at  all,  may  we  not  correlate  this  phenonenon  with  the  increased  or 
decreased  recoveries  of  fertilizing  material? 

It  has  been  observed  that  nitrate  of  soda  when  employed  in  extensive  agri- 
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culture  often  gives  returns  much  greater  than  can  be  accounted  for  by  the 
quantity  of  plant-food  actually  supplied  [Lipman  (107)].  Moreover,  it  has 
been  observed  that  the  crop  increase  thus  produced  by  nitrates  may  not  be 
secured  year  after  year,  with  ordinary  applications,  unless  farm-)rard  manure 
or  green  manures  be  applied  to  offset  the  losses  of  organic  matter  and  of  nitro- 
gen from  the  soil.  For  this  reason  sodium  nitrate  is  believed  by  many  farm- 
ers to  be  only  a  soil  stimulant,  hastening  the  depletion  of  soil  fertility.  Now, 
this  belief  is  evidently  due  to  an  imperfect  understanding  of  the  observed 
facts,  for  it  must  be  maintained  that  nitrate  of  soda  is  the  most  valuable  of  our 
nitrogenous  fertilizers,  and  just  as  truly  a  plant-food  as  any  incomplete 
fertilizer. 

Where  smaller  returns  of  the  nitrogen  supplied  as  sodivmi  nitrate  are  ob- 
served we  may  find  an  exhaustion,  in  the  fact  that  there  is  some  considerable 
conversion  of  appKed  nitrogen  into  protein  forms  for  the  microbial  cell, 
resulting  in  a  lesser  quantity  of  nitrate  being  available  for  plant  growth. 

It  does  not  follow,  however,  that  because  the  influence  of  sodium  nitrate 
upon  soil  micro5rganisms  is  being  studied  entirely  from  the  nitrogen  stand- 
point, its  appUcation  does  not  bear  an  important  relation  to  the  mineral 
elements  of  plant-food,  i.e.,  K,  P,  Mg,  Fe,  S,  and  silicon.  Potter  and  Snyder 
(143),  Ramann  (140),  Van  Suchtelen  (199),  have  all  reported  data  to  show 
the  influence  of  fertilizers  on  carbon-dioxide  production  in  soils.  In  the 
degradation  of  the  organic  matter  carbon-dioxide  is  liberated.  An  increase  in 
ammonia  production  necessarily  results  in  a  greater  amount  of  carbon  dioxide. 
Remembering  that  carbon  dioxide  is  an  excellent  solvent  and  must  play  an 
important  rdle  in  the  weathering  of  rock  fragments,  we  receive  a  hint  as  to  the 
possible  influence  of  sodium  nitrate  in  indirectly  rendering  available  the 
mineral  plant-food  elements  of  the  soil.  The  breaking  down  of  the  soil  humus 
by  bacteria  is  accompanied  by  the  formation  of  various  organic  acids  which 
also  react  on  the  constituents  of  the  rock  fragments. 

Series  10,    Is  the  stimtdating  action  of  sodium  nitrate  due  to  the  sodium  or  the 
nitrate  portion  of  the  molecule? 

We  must  not  leave  the  action  of  sodium  nitrate  upon  the  anunonif  3dng  group 
without  first  ascertaining  whether  its  action  is  due  to  its  sodium  or  its  nitrate 
ions. 

Greaves  (54)  in  his  researches  says  that  he  has  good  reason  to  believe  that 
the  anion  is  the  most  influential  part  of  the  salt,  the  cation  being  only  of  minor 
significance.  His  work  is  based  upon  the  ammonification  of  dried  blood.  In 
order  to  see  if  the  same  thing  held  true  with  regard  to  sodium  nitrate  upon  the 
ammonification  of  cottonseed  meal,  another  series  of  experiments  was  set  up, 
employing  the  four  sodium  salts,  NaCl,  Na^COs,  NaNO$  and  Na4S04,  with  a 
constant  amount  of  sodium,  and  the  consequential  variation  of  the  anion. 
The  beaker  method  was  used  and  the  soil  was  the  Norfolk  sandy  loam.  The 
results  are  given  in  table  17. 
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It  is  quite  evident  from  an  analysis  of  the  table  that  the  acid  radical  is  of 
much  importance  in  regulating  the  ammonification  of  cottonseed  meal.  With 
increases  in  the  amounts  of  all  four  salts  are  obtained  corresponding  increases 
in  the  amount  of  ammonia  formed.  The  COj  ion  seems  to  be  the  most  toxic 
of  the  four  anions, 'with  the  cholride  next,  and  the  nitrate  and  sulfate  in  the 
order  named.  ParentheticaUy,  it  may  be  pointed  out  that  in  only  one  case, 
that  of  NasCOs,  was  there  any  marked  toxic  influence  present  even  at  a  con- 
centration of  50,000  pounds  per  acre. 


TABLE  17 
The  influence  oj  ihe  anion  upon  the  ammoniflcaiion  oj  coUonseed  meal 


1 

NaQ  8BUIS 

1 

n 

Ammonia  accumulation 

B^ 

J 

55 

s; 

^ 

Nome 

1 

1 

li 

1-2 

29.32 

30.94 

30.13 

100 

22.80 

22.80 

22.80 

100 

3-4 

300 

42.70 
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22.60 

24.35 

106 

5-6 

900 
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53.94 
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15.40 

15.40 
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58.00 
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12.00 

12.00 
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52.40 

52.40 
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8.40 
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7.60 

73 
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64.10 

61.60 

62.85 
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8.80 

8.90 

8.85 

83 
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5,000 

78.40 

64.00 

71.20 

312 

7.40 

8.80 

8.20 

82 

13-14 

10,000 
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66.00 

65.80 

289 

14.00 

10.80 

14.40 
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PART  ni 
The  influence  of  sodium  nitraie  upon  the  nitrification  process 

Of  all  the  nitrogen  compounds  yet  investigated  nitrates  are  the  best,  and 
in  natural  conditions  probably  the  only  nitrogenous  food  for  the  non-legumi- 
nous plants.  This  probability  takes  form  from  the  fact  that  most  soils  are. 
supplied  with  two  species  of  soil  bacteria  which  rapidly  transform  the  ammonia 
formed  by  the  anmionfying  organisms  into  nitrates,  the  process,  in  the  broad 
sense,  being  termed  nitrification.  More  specifically,  however,  it  applies  to 
the  transformation  of  nitrite  to  nitrate  by  Niirohacter,  In  this  text  the  term 
nitrification  is  used  to  describe  the  entire  process  of  mineralization  from 
ammonia  to  nitrates. 

As  this  process  is  of  the  utmost  importance  for  the  nutrition  of  plants  it  is, 
therefore,  of  special  significance  to  know  just  what  the  influence  of  additional 
nitrates  would  have  upon  the  process. 

Investigators  have  given  us  some  insight  into  the  action  of  sodium  nitrate 
upon  the  nitrification  process.  For  instance,  Lipman  and  Brown  (109)  state  that 
sodimn  nitrate  markedly  enhances  nitrification.  This  also  seems  to  be  the 
impression  one  would  get  from  the  work  of  Sackett  (159)  and  Wdhltmann 
(226).  Miyake  (127),  using  the  data  of  Lipman  and  Brown  (109)  and  War- 
rington (214)  proves  mathematically  that  nitrification  is  an  auto-catalytic 
reaction,  i.e.,  the  presence  of  the  end  point  seems  to  hasten  the  process  along. 
On  the  other  hand,  the  work  of  Brown  and  Minges  (14)  Deherain  (25),  Kelley 
(81),  and  Fred  and  Graul  (38)  seems  to  indicate  that  nitrification  is  not  bene- 
fited, but  is  depressed  by  the  presence  of  sodium  nitrate.  Warington  says 
that  nitrates  do  not  aflFect  the  nitrification  of  soil  humus,  but  that  (NH4)2S04 
does,  because  it  becomes  nitrified  rather  than  the  soil's  organic  matter. 

It  will  be  seen,  therefore,  that  the  opinions  with  regard  to  its  action  are 
conflicting,  and  it  is  very  desirable  to  have  further  evidence  on  the  subject. 

In  doing  so  the  writer  has  studied  the  influence  of  sodium  nitrate  in  five 
different  types  of  soil,  with  three  sources  of  nitrifiable  material,  the  data 
being  recorded  in  the  following  pages. 

The  method  used  in  studying  the  process  was  the  beaker  method  before  de- 
scribed (108).  Organic  matter  was  supplied  in  amounts  equivalent  to  21 
mgm.  of  nitrogen.  Calcimn  carbonate  was  added  to  neutralize  soil  acidity 
and  leave  an  excess  equal  to  0.02  per  cent.  The  incubation  period  was  28 
days  at  a  temperature  of  20°C.  Moisture  conditions  were  50  per  cent  of  the 
water-holding  capacity  of  the  soil. 

The  method  of  extracting  the  nitrates  was  that  worked  out  by  Allison  (2) 
and  the  method  of  determining  the  same  was  that  proposed  by  Allen  (1). 
This  exception,  however,  is  to  be  noted — ^the  quartz  distilling  tubes  recom- 
mended by  him  were  not  used.  Instead,  a  Kjeldahl  rack  with  block  tin 
tubes  supplied  with  extra  large-sized  traps  were  employed.  An  average 
error  of  0.5  cc.  of  N/50  acid  was  experienced  with  this  modification.    As 
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the  work  is  comparative  rather  than  absolute  this  error  is  of  little  importance, 
being  involved  in  every  determination. 

Series  IL    The  influence  of  sodium  niiraie  upon  the  nitrification  of  ammonium 

sulfate 

The  first  experiments  were  carried  out  to  test  the  effect  of  sodium  nitrate 
upon  the  nitrification  of  ammonium  sulfate.  Five  soils  were  used.  The 
fertilizer  additions,  nitrates  accumulating  and  calculated  data  are  given  in 
table  18.  It  will  be  seen  upon  consulting  the  table  that  sodium  nitrate  seems 
to  depress  the  accumulation  of  nitrates  in  every  one  of  the  soils  tested.  The 
greatest  reaction  seems  to  have  taken  place  in  the  Norfolk  sandy  loam.  In 
this  soil  applications  of  sodium  nitrate  of  only  50  poimds  per  acre  decreased 
the  acaunulation  of  nitrates  7  per  cent.  With  succeeding  increments  a 
gradual  depressed  action  is  manifested  being  30  per  cent  below  normal  at  a 
concentration  of  300  pounds  per  acre  and  reaching  82  per  cent  below  normal 
at  a  concentration  of  1500  pounds  per  acre.  It  seems  as  if  the  nitrification 
of  this  material  is  stopped  entirely  when  2500  poimds  per  acre  are  supplied 
as  this  type  of  soil. 

A  similar  phenomenon  is  to  be  seen  also  in  the  Penn  clay  loam.  In  this  soil 
the  depression  is  not  so  large  as  in  the  previous  soil.  Fifty  poimds  per  acre 
decreases  the  accumulation  only  3  per  cent,  500  pounds  per  acre  10  per  cent 
and  1500  pounds  46  per  cent  below  the  normal  nitrifying  power  of  the  soil. 
A  small  amount  of  nitrification,  5  per  cent,  was  experienced  at  a  concentration 
equal  to  2500  pounds  per  acre. 

In  the  Wooster  silt  loam  decreceased  accumulation  of  nitrates  is  not  to 
be  seen  until  a  concentration  equivalent  to  500  pounds  per  acre  is  reached. 
From  here  on,  however,  there  is  a  gradual  decrease  in  the  riitrate  accumulation. 
The  toxic  action  of  sodium  nitrate  is  not  nearly  as  great  in  this  soil  as  was  the 
case  in  the  Penn  clay  loam.  Even  at  a  concentration  of  2500  poimds  per 
acre  the  nitrate  accumulation  is  only  53  per  cent  below  normal.  At  double 
this  concentration  no  nitrification  took  place,  however. 

Comparing  the  Carrington  loam  with  these  three  soils  we  find  that  sodium 
nitrate  has  apparently  not  affected  the  nitrification  of  ammonium  sulfate  to 
any  great  extent.  There  seems  to  be  no  decrease  in  the  amount  of  nitrates 
accumulating  below  normal  until  a  concentration  of  2500  pounds  per  acre 
18  reached.  The  depression  at  this  concentration  is  only  7  per  cent  below 
normal.  Doubling  this  concentration,  however,  decreases  the  nitrifying  power 
to  about  40  per  cent  of  normal. 

The  accumulation  of  nitrates  under  normal  conditions  in  the  Sierra  sandy 
loam  and  the  Norfolk  sandy  loam  is  practically  identical.  However,  the 
action  of  sodium  nitrate  upon  the  nitrification  of  ammonium  sulfate  is  by  no 
means  the  same.  In  the  Sierra  sandy  loam  there  is  a  strong  indication  of  a 
stimulative  action.    At  any  rate,  there  is   no  decreased  accumulation  of 
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nitrates  to  speak  of  until  a  concentration  equivalent  to  1500  pounds  per  acre  of 
the  salt  is  present.  At  this  point  the  depression  is  about  30  per  cent  below 
normal.  Beyond  this  point  there  is  a  rapid  and  pronounced  decreased  ac- 
tivity. In  attempting  to  explain  the  difference  in  the  action  of  the  two  sandy 
soik  we  must  remember  that  the  Sierra  sandy  loam  is  from  a  semi-arid  region 
having  a  greater  amoimt  of  sodium  salts  in  its  soil  solution. 

C.  B .  Lipman  (104)  has  published  his  so-called  antagonism  theory  in  which  he 
finds  that  the  addition  to  soils  toxic  to  one  form  of  the  three  sodium  salts,  NaCl, 
NajCOs  and  Na«S04,  of  quantities  of  arfy  other  of  these  salts  will  result  in  an 
improved  condition  of  the  soil  flora.  If  these  three  salts  can  aid  one  another, 
why  cannot  sodium  nitrate  do  the  same  thing?  Let  us  suppose  the  Siena 
sandy  loam  has  one  of  the  salts  as  a  toxic  factor.  Why  would  not  the  applica- 
tions of  NaNOs  aid  in  the  rearrangement  of  the  soil  solution  in  a  manner  that 
would  help  the  nitrifying  group?  In  the  Norfolk  sandy  loam,  however,  no 
abundance  of  so-called  alkali  salts  could  accumulate  and  this  explanation  is 
not  tenable. 

It  seems  also  from  a  consideration  of  the  data  that  there  is  a  marked  quali- 
tative difference  in  the  resistance  of  the  different  strains  of  the  nitrifjing 
organisms  to  applications  of  sodium  nitrate.  For  instance,  in  the  Wooster 
silt  loam,  having  20  per  cent  of  moisture  in  the  system,  the  depressed  action 
at  a  concentration  of  1500  pounds  per  acre  is  36  per  cent  below  normal,  where- 
as in  the  Penn  clay  loam  with  25  per  cent  of  moisture  in  the  system  the  de- 
creased accumulation  is  46  per  cent  below  normal.  In  the  Carrington  loam, 
on  the  other  hand,  with  the  same  amount  of  moisture  no  depressive  action  at 
all  is  to  be  noted.  Of  course,  the  concentration  of  the  soil  solution  itself 
would  have  something  to  do  with  such  a  generalization,  but  nevertheless, 
differences  of  50  per  cent  could  hardly  be  explained  away  in  such  a  manner. 
Correlating  the  phenomenon  in  the  above  experiments  with  actual  field  con- 
ditions, it  would  seem  that  the  beneficial  use  experienced  with  a  mixture  of 
sodium  nitrate  and  ammonium  sulfate  might  be  explained  on  the  grounds 
that  sodium  nitrate  decreased  the  mineralization  of  the  latter  until  the  time 
was  opportune  for  its  assimilation  by  the  plant,  or  again,  the  selective  action 
of  crops  for  ammonia,  as  has  been  noted  previously  (164),  might  enter  in,  the 
NaNQj,  depressing  the  nitrate  formation,  might  permit  the  ammonia,  as  such, 
to  become  assimilated. 

Series  12,     The  influence  of  sodium  nitrate  upon  the  nilrificcUion  of  dried  blood 

nitrogen 

This  series  consisted  of  a  study  of  the  effect  of  sodium  nitrate  upon  the 
nitrification  of  dried  blood.  The  data  are  to  be  found  in  table  19.  The 
action  of  sodium  nitrate  upon  the  nitrification  of  dried  blood  was  not  studied 
in  the  Norfolk  sandy  loam  in  this  series. 

Considering  first  the  nitrification  of  the  dried  blood  itself  in  this  series,  we 
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find  the  Carrington  loam  nitrifying  this  material  as  effectively  as  ammonium 
sulfate.  This  was,  likewise,  true  to  a  large  ^measure  with  the  nitrification  of 
this  material  in  the  Penn  loam  soil.  The  Sierra  sandy  loam,  on  the  other  hand, 
nitrified  dried  blood  to  twice  the  extent  that  it  did  anmionium  sulfate.  The 
Wooster  silt  loam  had  very  little  ability  to  nitrify  dried  blood. 

In  the  action  of  sodium  nitrate  upon  the  nitrification  of  this  material  we 
again  find  in  every  case  a  decreased  accumulation  of  nitrates.  In  the  Car- 
rington loam  this  does  not  take  place  until  a  concentration  of  500  pounds  per 
acre  is  reached.  From  this  point  on,  however,  we  note  a  gradual  decrease 
in  the  accimiulation  of  nitrates. 

In  this  series  the  effect  of  sodium  nitrate  upon  the  accumulation  of  nitrates 
is  not  so  seriously  affected  as  was  the  case  in  the  previous  series.  That  is  to 
say,  the  toxic  action  does  not  present  itself  in  such  magnitude  as  was  the  case 
where  ammoniimi  sulfate  was  the  nitrifiable  material. 

The  Wooster  silt  loam  is  the  only  soil  in  this  series  to  exhibit  an  enhanced 
activity  as  a  result  of  the  presence  of  soluble  nitrates.  Because  of  the  small 
amount  of  nitrificatioA  and  the  difference  between  parallel  determinations  it  is 
even  questionable  whether  this  is  actually  the  case,  or  only  apparent  from 
a  mathematical  standpoint. 

The  nitrification  of  dried  blood  in  the  Sierra  loam  is  discouraged  by  the 
application  of  sodium  nitrates  in  this  series,  in  distinction  to  the  previous 
effect.  The  Penn  day  loam,  likewise,  showed  a  decrease  in  accumulation  of 
nitrates  as  a  result  of  the  presence  of  sodium  nitrate  in  this  series,  as  was  the 
case  in  the  previous  one. 

The  accimiulation  of  nitrates  as  compared  with  the  untreated  soils  is  much 
greater  in  this  series  than  under  similar  conditions  in  the  previous  series. 
To  state  the  matter  in  other  words,  quantities  of  soluble  nitrates  do  not  seem 
to  discourage  the  accumulation  of  nitrates  from  the  nitrification  of  dried  blood 
nitrogen  as  they  did  from  ammonium  sulfate.  Perhaps  this  may  be  ex- 
plained on  the  groimds  of  the  concentration  of  the  soil  solution.  When  am- 
monium sulfate  is  added  to  the  soil  we  have,  of  course,  a  considerable  increase 
in  the  salt  content  of  the  soil  solution.  The  concentration,  i.e.,  osmotic  con- 
centration, is  further  enhanced  by  applications  of  sodiimi  nitrate.  More- 
over, as  ammonium  sulfate  rapidly  changes  into  nitrates  this  ion  likewise 
increases  the  osmotic  pressure.  The  summation  of  these  three  probably  was 
great  enough  seriously  to  discourage  the  nitrate  building  bacteria.  With 
dried  blood,  on  the  other  hand,  not  only  is  the  initial  concentration  small  but 
the  increase  in  the  total  concentration  arrives  more  gradually  because  of  the 
slower  nitrifiability  of  the  substance.  Thus  the  organisms  have  a  chance  to 
adapt  themselves  to  their  new  environment. 

Knowing  that  cottonseed  meal  anunonifies  even  more  slowly  than  dried 
blood,  we  would  expect  a  lesser  depression  in  the  accumulation  of  nitrates 
from  high  applications  of  sodiimi  nitrate  than  from  dried  blood.  To  test  this 
out  another  series  was  set  up,  the  results  of  which  are  given  below. 
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Series  13.    The  influence  of  sodium  nitrate  upon  the  nitrification  of  cottonseed 

meal  nitrogen 

From  an  examination  of  table  20  it  will  be  seen  that  all  soils  nitrify  cotton- 
seed meal  to  a  lesser  extent  than  dried  blood  or  ammonium  sulfate.  The 
soil  nitrifying  this  material  to  the  greatest  extent  was  the  Norfolk  sandy 
loam. 

Considering  the  nitrification  process  in  the  order  in  which  it  was  affected  in 
the  various  soils  we  find  that  marked  stimulation  occurred  in  three  of  the  five 
soils,  viz,  the  Penn  clay  loam,  the  Sierra  sandy  loam,  and  the  Wooster  silt 
loam.  The  Sierra  sandy  loam  shows  a  marked  stimulating  phenomenon  in 
all  but  two  cases,  the  maximum  amount  accimiulating  with  a  concentration 
of  700  pounds  per  acre.  Curiously  enough,  there  was  no  nitrification  of  cotton- 
seed meal  in  this  soil  at  a  concentration  of  5000  pounds,  although  ammonium 
sulfate  was  nitrified  to  an  extent  of  about  50  per  cent  below  normal  under 
the  same  conditions. 

The  Carrington  loam's  ability  to  nitrify  cottonseed  meal  was  not  affected 
to  any  extent  by  appplications  of  sodium  nitrate  until  a  concentration  of  2500 
pounds  per  acre  was  at  hand.  As  was  the  case  in  all  of  the  soils  no  nitrifica- 
tion took  place  at  a  concentration  equivalent  to  10,000  pounds  per  acre.  It 
would  seem  also  that  the  theory  advanced  in  the  former  series  was  more  than 
operating  here,  to  allow  the  accumulation  of  relatively  larger  proportions  of 
nitrates.  If  we  consider  the  effect  of  nitrate  of  soda  upon  the  nitrification  of 
the  three  nitrogen-bearing  materials  we  note  that  the  greatest  decrease  in  the 
nitrate  accumulations  was  experienced  first  with  ammonium  sulfate  as  the 
nitrifiable  material,  next  with  dried  blood  and  lastly  with  cottonseed  meal. 
The  greatest  decrease  is  found  in  sandy  soils,  silt  soils  and  loam  soils,  in  the 
order  named. 

From  Kelley's  (83)  work  we  are  led  to  believe  that  nitrification  is  at  its 
maximum  at  the  end  of  two  weeks'  time.  If  such  is  the  case  we  would  prob- 
ably expect  a  more  decided  depression  in  the  accumulation  of  nitrates  due  to 
applications  of  sodium  nitrate.  In  order  to  test  this  out  and  at  the  same  time 
try  to  explain  why  sodium  nitrate  did  not  decrease  the  accumulation  of  nitrates 
in  the  Carrington  silt  loam,  a  new  series  of  experiments  were  instituted  de- 
signed to  determine  the  nitrates  formed  from  the  nitrification  of  ammonium 
sulfate,  dried  blood  and  cottonseed  meal  at  the  end  of  8,  16,  24,  and  32  days. 

Series  14.    The  influence  of  sodium  nitrate  upon  the  accumulation  of  nilratfSi 
derived  from  the  nitrification  of  ammonium  sulfate  at  various  intervals  of  time 

In  testing  out  the  influence  of  time  upon  the  accumulation  of  nitrates  four 
applications  of  nitrate  of  soda  were  used,  viz.,  50,  100,  300,  and  500  pounds 
per  acre.    Otherwise  the  method  of  study  was  identical  with  the  previous  work. 

Table  21  records  the  data  on  the  accumulation  of  nitrates  from  the  nitrifi- 
cation of  ammonium  sulfate  at  different  periods  of  time.    At  the  end  of  the 
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eighth  day  the  cultures  having  ammonium  sulfate,  and  this  material  plus 
sodium  nitrate  equivalent  to  50  and  100  pounds  per  acre,  all  had  less  nitrates 
in  the  system  than  a  similar  portion  of  untreated  soil.  Those  portions,  however, 
having  nitrate  of  soda  equal  to  300  and  500  pounds  per  acre  registered  a 
decided  increase  over  the  untreated  cultures. 

On  the  sixteenth  day,  however,  this  stimulative  influence  seems  to  have  been 
lost,  as  a  decided  decreased  accumulation  of  nitrates  was  found  in  all  cases, 
varying  from  6  per  cent  to  48  per  cent  below  the  normal  nitrification. 

When  the  soils  were  analyzed  for  nitrates  at  the  end  of  the  twenty-fourth 
day  this  relative  depressed  accumulation  was  considerably  narrowed  and  at 
50  pounds  per  acre  an  actual  stimulation  of  2  per  cent  is  to  be  noted.  The 
maximum  decrease  here  is  only  18  per  cent  below  the  normal.  It  would  seem 
that  from  the  sixteenth  to  the  twenty-fourth  day  a  marked  stimulation  to  tbe 
nitrifying  group  has  occurred,  the  total  nitrates  formed  being  enough  to  ap- 
proach the  accumulation  in  the  check  cultures  and  to  register  an  enhanced 
cflFect. 

At  the  end  of  the  experiment  we  find  a  slight  increase  over  the  imtreated 
portions  in  all  cases.  No  decrease  in  the  nitrate  accumulation  is  to  be  noted 
in  any  case  which  is  in  confirmation  of  the  previous  results. 

Series  15.     The  influence  of  sodium  nUraie  upon  the  accumukUion  of  nitrates 
derived  from  the  nitrification  of  cottonseed  meal 

Concerning  the  effect  of  sodium  nitrate  upon  the  nitrification  of  cottonseed 
meal  we  must  come  to  the  same  conclusion  as  was  reached  in  series  20.  At 
the  end  of  8  days  no  accumulation  of  nitrates  at  all  is  to  be  seen. 

In  sixteen  days  the  applications  of  sodium  nitrate  equivalent  to  300  and 
500  pounds  per  acre  have  decreased  the  accumulation  of  nitrates  89  and  75 
per  cent,  respectively.  On  being  analyzed  for  nitrates  at  the  end  of  the 
twenty-fourth  day  the  data  show  that  the  depressed  accumulation  is  ma- 
terially lessened,  as  was  the  case  with  ammonium  sulfate.  At  the  finish  of 
the  experiment  the  resulting  action  of  sodium  nitrate  upon  nitrification  of 
cottonseed  meal  is  nil. 

Series  16.    The  influence  of  sodium  nitrate  upon  the  accumuUUion  of  nitrates 
derived  from  the  nitrification  of  dried  blood 

The  data  concerning  the  influence  of  sodium  nitrate  upon  the  nitrification 
of  dried  blood  are  given  in  table  21  A.  The  greatest  nitrification  of  all  the 
materials  was  at  the  end  of  the  experiment.  The  increase  in  nitrate  accimiu- 
lation  from  thfc  twenty-fourth  to  the  thirty-second  day  was  small  indeed. 

An  objection  to  the  figures  tabulated  above  can  be  raised  on  the  grounds 
that  nitrates  as  well  as  nitrites  are  reduced  by  this  reduction  method.  How- 
ever, this  factor  is  shown  to  be  insignificant  imder  another  experiment. 
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In  attempting  to  explain  the  decreased  nitrate  accumulation  due  to  the 
presence  of  sodium  nitrate  we  must  again  consider  the  consumption  theory 
as  previously  explained.  Nitrates,  as  well  as  ammonia,  are  readily  con- 
verted into  insoluble  forms.  Due  to  the  addition  of  sodium  nitrate  as  well 
as  to  nitrification,  a  marked  increase  takes  place  in  the  numbers  of  the  micro- 
flora of  the  soil.  These  organisms  necessarily  need  nitrogen  for  their  life 
process  and  as  nitrates,  and  even  the  ammonia  from  the  nitrif3dng  substances 
are  present  in  excess,  they  use  it  for  their  own  life  processes.  Fred  and 
Graul  (38)  have  given  us  a  neat  piece  of  experimentation  on  this  point,  as  one 
will  see  by  consulting  the  data  on  page  333  of  their  article. 

We  can  also  tell  to  a  considerable  degree  just  how  far  this  consumption 
phenomenon  is  being  carried  out  and  when  the  toxicity  factor  enters  into  these 
experiments,  if  we  titrate  the  ammonia,  not  converted  into  nitrate,  which  is 
driven  oflF  from  the  extracted  nitrate  solution  in  the  carrying  out  of  this  re- 
duction method.  Although  the  figures  thus  obtained  cannot  be  quantitative 
because  of  absorption  of  this  ammonia  by  the  soil,  it  is  nevertheless  extremely 
indicative  of  the  point  when  excess  nitrates  seem  to  discourage  the  nitrif )dng 
organisms  from  converting  ammonia  into  nitrate. 

From  an  examination  of  the  data  recorded  in  table  22  there  are  to  be  seen 
marked  diflFerences  at  the  points  which  sodium  nitrate  inhibits  the  nitrifiability 
of  ammonium  sulfate,  dried  blood  or  cottonseed  meal.  Toxicity  conmiences 
to  manifest  itself  in  the  Carrington  loam  at  a  concentration  of  about  1500 
pounds  per  acre,  where  dried  blood  and  cottonseed  meal  are  the  nitrifiable 
materials.  In  the  Norfolk  sandy  loam  the  depressed  action  of  sodium  ni- 
trate upon  the  nitrifiers  is  present  at  smaller  concentrations, viz.,  500  pounds 
per  acre.  When  cottonseed  meal,  however,  is  the  nitrifiable  material  no 
toxicity  occurs  xmtil  a  concentration  of  5000  pounds  per  acre  is  present.  The 
toxicity  of  sodium  nitrate  to  the  nitrification  of  ammonium  sulfate  was  not 
studied  in  this  connection.  Its  toxicity  to  the  mineralization  of  dried  blood 
is  evident  at  a  concentration  of  2500  pounds  per  acre  and  to  that  of  cotton- 
seed meal  at  2500  pounds  per  acre.  In  the  Sierra  sandy  loam  no  toxic  action 
is  noticed  to  aflFect  the  nitrification  of  cottonseed  meal  until  a  concentration 
of  5000  pounds  per  acre  is  reached.  It  is  here  just  one-half  as  great  as  it 
is  at  double  this  concentration.  Noticeable  toxicity  to  the  mineralization  of 
dried  blood  starts  quite  early,  viz.,  at  a  concentration  of  1200  pounds  per  acre. 
Increasing  the  amount  increases  the  toxic  efiF^ct.  No  discouraging  action  to 
the  nitrifying  organisms  is  present  in  the  Wooster  silt  loam  until  a  concentra- 
tion of  over  500  pounds  per  acre  of  sodium  nitrate  is  reached,  with  ammo- 
nium sulfate  and  dried  blood  as  the  source  of  nitrogenous  material.  The  max- 
imum toxicity  in  the  Wooster  silt  loam  in  so  far  as  the  nitrification  of  dried 
blood  and  cottonseed  meal  is  concerned,  occurs  at  a  concentration  of  5000  to 
10,000  pounds  per  acre. 

Of  course,  in  using  the  reduction  method  nitrites  are  reduced,  if  present, 
as  well  as  nitrates  and  the  ammonium  formed  is  necessarily  the  sum  of  the 
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two.  Relley  (83)  considers  that  a  considerable  amount  of  nitrites  is  formed 
when  amounts  of  organic  matter  are  present  in  excess  of  what  be  proposes  as 
a  standard,  i.e.,  10  mgm.  of  nitrogen  per  100  gm.  of  soil.  As  approximately 
twice  that  figure  was  used  in  these  experiments  it  is  evident,  if  his  conclusions 
are  tenable,  that  large  amounts  of  nitrites  have  been  formed  and  are  recorded 
as  nitrates. 

At  the  same  time  while  we  consider  this  question  of  nitrite  formation  it  is 
not  out  of  place  to  note,  if  possible,  whether  sodium  nitrate  will  discourage 
the  action  of  NUrobacter  and  allow  the  production  of  considerable  quantities 
of  nitrites.  Kelley  has  noted  that  certain  alkali  salts  seem  to  cause  such  a  phe- 
nomenon. It  is  of  importance  to  know  if  considerable  amounts  of  nitrites 
are  formed  because  of  their  extreme  toxicity  to  plants. 

TABLE  22 
NUragen  as  ammonia  not  nitrified  in  the  presence  of  sodium  nitrate 


CAXUNQflON  LOAM 

MnKVOIX  SAMDY  LOAM 

VnmCIAYLOAM 

SmOASAMSVLQAM            WDOSXCSSIIZUMM 

NaNOi 

PBtACU 

1 
5 

\ 

|i 

1^ 

a 

1^ 

1 

5 

1" 

1 

3 

1^ 

1 

I' 

lbs. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mpm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

•flM. 

None 

0.90 

0.90 

0.90 

0.54 

0.54 

0.31 

0.31 

0.26 

0.60 

0.26 

0.56 

0.56 

0.56 

SO 

0.76 

0.76 

4.15 

0.54 

0.31 

0.82 

9.35 

0.98 

0.60 

0.56 

9.92 

2.37 

100 

0.76 

0.76 

4.69 

0.54 

0.31 

0.82 

10.63 

1.35 

0.60 

0.56 

9.92 

3.73 

500 

0.76 

0.76 

4.94 

1 

0.54 

1 

0.31 

0.82 

9.30 

1.50 

0.60 

0.56 

9.92 

5.40 

500 

0.76 

0.76 

5.10 

1 

0.54 

•l 

0.31 

0.82 

11.42 

2.54 

0.60 

0.56 

9.54 

6.19 

700 

0.76 

0.76 

6.70 

s 

0.54 

s 

0.31 

0.82 

11.47 

1.35 

0.60 

1.06 

10.49 

6.63 

900 

0.76 

0.76 

7.32 

•s 

0.54 

-s 

0.31 

2.82 

11.47 

2.12 

0.60  2.18 

11.32 

6.63 

1,200 

2.78 

0.76 

0.76 

9.39 

1 

0.54 

1 

0.31 

2.02 

3.91 

0.60 

5.30 

11.30 

7.35 

1,500 

2.78 

0.76 

0.76 

5z; 

0.54 

sz; 

0.31 

2.02 

11.77 

3.88 

0.60 

6.20 

12.22 

6.82 

2,500 

3.84 

4.92 

0.76 

11.22 

0.54 

4.29 

4.27 

12.94 

4.77 

0.60 

8.50 

13.47 

1623 

5,000 

7.68 

11.76 

5.43 

11.50 

2.37 

9.60 

8.46 

14.76 

10.38 

3.55 

17  74 

16.93 

16.25 

10,000 

16.69 

16.87 

11.76 

16.32 

4.74 

13.27 

10.79 

17.76 

13.95 

6.65 

19.48 

18.19 

16.23 

Series  17.     The  influence  of  NaNOz  upon  the  accumulation  of  nitrites  formed 
in  the  nitrification  of  various  manures 

In  order  to  test  this  out,  therefore,  a  new  series  of  experiments  were  set 
up,  the  extractions  from  the  Carrington  loam  being  used,  in  which  the  effea 
of  sodium  nitrate  had  been  tested  upon  the  nitrification  of  cottonseed  meal, 
dried  blood  and  ammonium  sulfate  (tables  18,  19  and  20).  Nitrites  were  de- 
termined colorimetricaUy  by  the  Greiss  method  (106).  From  an  analysis  of 
the  data  in  table  23  it  will  be  readily  seen,  considering  the  first  point  raised,  that 
the  amoimt  of  nitrites  formed  in  any  case  is  not  one  part  per  million.  This 
amount  would  be  equivalent  to  about  one  drop  of  N/50  acid,  as  used  in  the 
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reduction  method.  The  figures,  then,  represent  actual  quantities  of  nitrates 
and  not  the  sum  of  the  two. 

To  take  up  next  the  action  of  sodium  nitrate  upon  the  accumulation  of 
nitrites  we  find  that  while  there  is  a  general  tendency  for  this  radical  to  in- 
crease in  amount,  it  does  not  reach  a  concentration  of  one  part  per  miUion 
in  any  soil  until  a  concentration' of  from  5,000  to  10,000  pounds  per  acre  is 
present.  At  a  concentration  of  10,000  poimds  per  acre  we  find  a  high  amount 
of  nitrite  formed  in  the  nitrification  of  dried  blood;  on  the  other  hand,  only 
3.50  and  2.36  parts  per  million  result  from  the  action  of  sodium  nitrate  upon 
the  nitrification  of  the  other  two  materials. 

It  is  clear  then  that  Nitrobacier  must  be  influenced  in  a  manner  similar  to 
NUrococuSy  or  else  we  would  get  an  accumulation  of  nitrites  rather  than  ni- 

TABLE  23 
The  influence  of  sodium  nitrate  on  the  nitrites  formed  in  the  nitrification  of  various  manure 


CASBINaTON  LOAM 

CARSINGTON  LOAM 

POUNDS  PER  ACRE 

NaNO, 

SOIL  PORTION 

(NH«),SO. 

Dried  blood 

Cottonseed  meal 

p.p.m.  as  mgm.  N 

p.p.m.  as  mgm.  N 

p.pM.  as  mgm.  N 

Check 

Untreated 

0.2143 

0.2143 

0.2143 

1-2 

No    nitrate 
+    Manure 

0.2143 

0.7390 

0.6420 

3-4 

50 

0.2405 

0.7620 

0.6630 

5-6 

100 

0.2143 

0.9135 

0.6940 

7-8 

300 

0.1748 

0.9203 

0.5570 

9-10 

500 

0.2185 

0.9203 

0.6995 

11-12 

900 

0.2710 

0.8410     . 

0.6630 

13-14 

1,500 

0.2143 

0.9500 

0.6765 

15-16 

2,500     • 

0.2185 

1.0370 

0.7325 

17-18 

5,000 

0.5865 

2.3000 

0.6200 

1^20 

1,000 

3.5200 

10.710 

2.3600 

trates.  The  larger  accumulation  of  nitrites  at  a  concentration  of  10,000  pounds 
per  acre,  would  lend  support  to  the  opposite  view,  however.  Kelley  finds  that 
nitrites  are  toxic  to  NUrobacter  in  large  quantities,  i.e.,  40  mgm.  per  100  gm. 
of  soil.  Smaller  amounts,  however,  do  not  affect  this  condition.  As  the 
concentration  of  sodium  nitrate  rarely  reaches  such  a  figure  we  need  have 
no  fear  of  nitrites  forming  in  such  quantities  as  to  inhibit  either  plant  growth 
or  biological  activities. 

To  summarize  the  influence  of  sodium  nitrate  upon  the  nitrifying  process 
in  the  soils  it  would  seem  as  if  the  earlier  views  of  Lipman  and  Brown  (109) 
Crowther  (23)  and  Miyake  (127)  were  substantiated,  namely,  that  sodivun 
nitrate  does  enhance  the  nitrification  process  to  a  greater  or  less  extent.  This 
stimulating  effect  may  not  necessarily  be  superficially  observed,  but  on  the 
other  hand,  may  cause  secondary  stimulations  to  set  in,  whereby  large  increases 
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in  the  numbers  of  other  soil  organisms  are  brought  about,  these  organisms 
using  the  nitrate  as  weU  as  the  nitrifiable  material  as  a  source  of  energy  and 
food.  Thus  the  stimulative  efiFect  may  be  entirely  hidden  and  a  decreased 
accumulation  of  nitrates  be  noted  instead. 

In  large  quantities;  as  one  would  naturally  suspect,  the  presence  of  nitrates 
discourages  the  action  of  the  nitrifying  group.  In  the  nitrifying  group  we 
have  only  two  known  sepdes  of  bacteria.  Necessarily  then,  we  can  have  no 
survival  of  organisms  from  the  action  of  high  salt  concentrations,  the  entire 
group  being  eliminated  at  once. 

Deherain  (25)  says  that  whereas  sodium  nitrate  may  at  first  depress  the 
activity  of  the  nitrifying  group,  after  some  time  the  organisms  readjust  them- 
selves to  this  high  concentration  and  become  active.  In  an  experiment  car- 
ried out  by  him  he  added  6  centigrams  of  sodium  nitrate  to  100  gm.  of  fresh 
soil  and  noted  the  nitrates  formed  at  the  end  of  30  days.  He  found  none; 
however,  shortly  after  this  the  soil  commenced  to  nitrify  vigorously. 

It  is  also  of  interest  to  dte  the  work  of  Russel  (156)  at  this  point,  on  the 
nature  and  amount  of  the  fluctuation  of  nitrates  in  arable  soils.  This  investi- 
gator reports  that  the  maximum  amount  of  nitrate  accumulation  in  sand, 
loams  and  clays  during  the  year  is  6  parts  per  million  in  the  sands,  14  parts 
in  clays  and  23  parts  in  loams.  The  action  may  no  doubt  also  be  partially 
explained  by  the  above  phenomenon,  viz.,  the  increased  cell  division,  with 
subsequent  transformation  of  the  soluble  material. 

The  fact  that  nitrates  are  assimilated  again  raises  the  question  as  to  whether 
or  not  this  does  not  seriously  aflFect  the  availability  of  nitrogenous  manures. 
Being  boimd  up  in  the  body  tissue  of  the  microorganisms  they  must  be  miner- 
alized during  the  growing  season  to  be  especially  beneficial  to  the  crop.  If 
they  are  not  readily  simplified  a  serious  problem  is  at  hand,  over  which  the 
farmer  has  very  little  control.  The  availabiUty  of  bacterial  nitrogen  will  be 
studied  later  on  in  the  text. 

In  Colorado  there  are  many  soils  seriously  aflFected  by  high  accumulations 
of  nitrates.  Sackett's  (147)  work  would  lead  one  to  believe  that  these  nitrate 
accumulations  were  of  bacterial  origin.  As  the  transformation  and  accumu- 
lation of  nitrates  would  have  the  same  scientific  interest  as  the  application 
of  sodium  nitrate  would  have  upon  soils  not  aflFected  with  niter  trouble,  it  was 
thought  that  a  comparison  of  the  activities  of  a  Colorado  "niter  spot"  soil  with 
the  action  of  sodium  nitrate  in  the  above  soils  would  be  interesting. 

Through  Professor  Sackett's  kindness  the  author  was  able  to  secure  such 
a  soil  and  the  data  concerning  its  biological  activity  are  given  in  series  18. 

Series  18.     The  amtnonifying,  nitrifying  and  nitrogen-fixing  power  of  a  Colorado 

niter-spot  soil 

In  collecting  this  soil,  samples  were  taken  imder  sterile  conditions  and 
shipped  to  the  New  Jersey  Station  by  express.  On  arrival  they  were  spread 
out  to  dry  on  a  piece  of  sterile  wrapping  paper.    The  soil  was  a  sandy  loam 
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very  low  in  organic  matter.  All  samples  were  taken  from  the  same  field. 
Sample  1  was  taken  in  the  niter  spot  itself;  sample  2  where  the  effects  of  the 
niter  spot  were  just  beginning,  and  sample  3  where  no  effects  were  to  be  noted. 
The  soils  were  analyzed  for  total  nitrates  and  chlorides,  with  the  results 
shown  in  table  24. 

The  various  biological  tests  carried  out  on  these  samples  were  ammonifi- 
cation,  nitrification  and  nitrogen  fixation.  Fixation  was  carried  out  in  solu- 
tion because  of  the  lack  of  soil. 


TABLE  24 
Nitrates  and  chlorides  in  Colorado  soil  samples 


HXLUORAM  VBR  100  OH.  OV  SOD. 

NOiasN 

a 

Sample  1 

4.78 
0.86 
0.72 

144.87 

Sample  2 

2  91 

Sample  3 -  - - 

1.94 

TABLE  25 
Ammonifying  power  of  the  niter  spot  samples 

SOIL 

AMMONU  HmOODT  AOCUKOLAnON 

AVBKAGB 

nCtCBOTIKEJl- 
TKUffTO SAMPLE  3 

DHed  blood 

Sample  1 

mgm. 
0.93 
18.53 
26.52 

mgm. 
0.93 
19.45 
26.95 

mgm. 
0.93 
18.99 
26.73 

0 

Sample  2 

70 

Sample  3 

100 

Cottonseed  meal 

Sample  1    

10.79 
18.15 
23.00 

10.50 
16.37 
23.00 

11.14 
17.26 
23.00 

48 

Sample  2 

74 

5Uinple  3 

100 

1 

_! 

The  ammonifying  power  of  the  soil  samples  was  first  studied,  dried  blood 
and  cottonseed  meal  being  used  as  the  source  of  organic  matter.  The  data 
are  given  in  table  25. 

It  will  be  seen  that,  giving  sample  3  a  value  of  100,  there  is  a  gradual  de- 
crease in  the  ammonifying  power  of  the  samples  as  the  niter  spot  is  approached. 
Sample  2  has  an  ammonifying  power  of  72,  on  an  average,  for  both  sources 
of  organic  matter.  Sample  1  was  not  able  to  ammonify  dried  blood,  although 
it  could  simplify  cottonseed  meal  to  a  large  extent.  This  is  in  keeping  with 
the  increased  toxic  effect  of  sodium  nitrate  where  cottonseed  meal  was  used 
as  the  source  of  organic  matter  in  ammonification  work.    In  this  case,  how- 
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ever,  the  decreased  activity  cannot  be  due  to  increases  in  nitrates,  as  can  be 
seen  from  table  23. 

The  next  experiment,  recorded  in  table  25,  was  carried  out  to  test  the  nitri- 
fying power  of  the  three  samples.  By  consulting  the  table  we  find  marked 
diflFerences  in  the  ability  of  these  three  soils  to  nitrify  the  three  sources  of 
organic  matter. 

Considering  first  ammonium  sulfate,  we  find  sample  2  nitrifying  this  material 
to  a  very  small  extent.  In  fact  the  nitrification  of  this  substance  in  sample  2 
and  that  in  sample  3  are  nearly  alike.  However,  with  dried  blood  a  somewhat 
greater  nitrification  took  place  than  with  ammonium  sulfate  in  samples  2 

TABLE  26 
The  nitrifying  pmoer  of  the  niter  spot  soils 


NH«S04 

1 
P 

DUXD  BLOOD 

I 

8 

1 

Nitrate  accamuUtion 

Nitrate  accumulatioD 

Nitnte  accumalatioa 

1 

S 

to 

2 

i 

fi 

i 

i 

fi 

a 

B 

1 

2 
3 

1.69 

1.68 

10.31 

1.79 

1.68 

10.33 

1.74 

1.68 

10.32 

16 

16 

100 

1.65 
4.59 
8.65 

1.75 
4.59 
9.51 

1.70 
4.72 
9.08 

18 

41 

100 

1.57 
3.93 
5.90 

1.57 
4.22 
5.55 

1.57 
4.07 
5.72 

27 

71 

100 

TABLE  27 
Nitrogen-fixing  powers  of  the  niter  spot  samples 


Sample  1 
Sample  2 
Sample  3 


KIROGENnXKD 


2.47 
13.47 
14.21 


2.95 
11.11 
13.97 


2.71 
13.29 
14.07 


PER  CENT  KEL4- 
TIONTO  SA1IFU3 


19 

94 
100 


and  3.  Likewise  cottonseed  meal  gave  a  relative  stimulation  considerably 
greater  than  the  other  two  sources  of  nitrifiable  material.  Taking  a  compari- 
son between  the  action  of  sodium  nitrate  in  large  quantities  upon  the  nitrifica- 
tion of  these  nitrifiable  materials,  we  find  a  close  parallelism  between  the 
phenomenon  there  registered  and  here. 

Repeating  the  work  on  the  nitrogen-fixing  powers  of  these  three  samples 
we  find  from  the  data  in  table  27  that  there  is  also  a  decreased  nitrogen  fixa- 
tion as  the  samples  approach  the  niter  spot. 
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PART  IV 

Series  19,     The  wfluence  of  sodium  nitrate  upon  nitrogen  fixation 

The  various  biological  activities  already  considered  deal  with  the  trans- 
formation of  soil  nitrogen.  Starting  with  the  complex  protein  molecule,  we 
have  seen  how  sodium  nitrate  acts  first  upon  the  ammonifying  group  and 
second,  upon  the  nitrifying  group.  Whatever  the  complexity  of  these  proc- 
esses, whatever  the  inter-relation  or  inter-dependence  of  the  several  bacterial 
factors,  they  can  add  nothing  to  the  store  of  soil  ni1;rogeQ.  Whatever  the  rate 
of  ammonification,  the  soil. nitrogen  cannot  thereby  increase  in  amount. 
Fortunately,  there  are  compensating  factors.  Just  as  the  nitrogen  atoms 
may  be  torn  apart  from  those  of  other  elements,  so  may  the  latter  be  made 
to  combine  with  other  elements  in  the  formation  of  new  nitrogen  compoimds. 
These  compensating  factors  are  the  various  species  of  nitrogen-fixing  bacteria. 

The  influence  of  nitra-tes  as  a  factor  in  affecting  the  activities  of  the  nitrogen- 
fixing  organisms  has  been  studied  by  a  host  of  investigators,  among  whom 
may  be  dted  Heinze  (69),  Headden  (68),  Lipman  (105),  Strank  (182),  Stock- 
lassa  (179)  and  Sackett  (159).  So  numerous  are  the  experiments  upon  this 
phase  of  the  soil  nitrogen  problem,  it  is  hardly  necessary  to  go  into  it  in  any 
detail  other  than  to  corroborate  the  findings  of  previous  investigators. 

In  order  to  throw  some  added  light  upon  the  question  of  nitrogen-fixation 
and  soluble  nitrogen,  two  experiments  were  instituted,  the  one  conducted  in 
solution  and  the  other  in  the  Norfolk  sandy  loam. 

The  effect  of  sodium  nitrate  upon  nitrogen-fixation  was  first  studied  in 
solution. 

Fifty  cubic  centimeters  of  Sohm's  soil  maimite  broth  was  placed  in  500-cc.  Florence  flasks. 
Sodium  nitrate  was  then  added  in  quantities  as  shown  in  table  28.  The  flasks  were  then 
inoculated  with  a  vigorous  culture  of  nitrogen-fixing  organisms.'  After  inoculation,  the 
flasks  were  incubated  for  21  days  at  20^C.  At  the  end  of  this  time  the  total  nitrogen  in  the 
system  was  determined,  the  nitrates  being  reduced  by  means  of  salicylic  add  and  zinc  dust. 
The  total  nitrogen  at  the  beginning  of  the  experiment,  as  well  as  the  nitrogen  in  the  nitrates 
added,  also  was  determined. 

It  will  be  seen  from  an  observation  of  the  data  in  table  28,  that  small  amounts 
of  sodium  nitrate  slightly  increased  the  amoimt  of  nitrogen  fixed.  As  the 
nitrogen  increases,  however,  the  fixation  rapidly  diminishes,  depending  upon 
the  amount  of  nitrates  in  the  system.  These  data  seem  to  be  in  line  with  the 
earlier  solution  studies  of  Lipman,  Heinze  and  Stocklassa,  i.e.,  that  small 
amounts  of  nitrates  stimulate  the  activity  of  the  Azotobactefy  whereas  when 
larger  quantities  are  present  this  action  is  discouraged,  the  organisms  living 
upon  the  nitrates. 

No  work  has  come  to  the  writer's  attention  in  which  this  phenomenon 
has  been  observed  under  actual  soil  conditions.    In  order  to  study  the  process 

'  The  culture  was  obtained  through  the  kindness  of  Dr.  H.  C.  Lint,  of  the  Alphano  Humus 
Company,  New  York  City. 
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in  soils,  a  second  experiment  was  started,  the  Norfolk  sandy  loam  being 
used. 

To  50  gm.  of  Norfolk  sandy  loam  in  tumblers,  were  added  2  gm.  of  dextrose  and  2  gm. 
of  the  same  inoculating  material.  The  whole  was  then  thoroughly  mixed  together  and 
sodium  nitrate  added,  as  is  shown  in  table  28.  Water  was  adjusted  to  50  per  cent  ci  the 
water-holding  capacity  and  the  soils  were  incubated  for  21  dsiys  as  before.  At  the  eDd  of 
this  time  they  were  thoroughly  air-dried  and  analyzed  for  total  nitrogen,  the  nitrates  beiog 
reduced  with  salicylic  add  and  zinc  dust. 

It  will  be  seen  from  an  examination  of  taUe  28  that  a  similar  set  of  affairs 
is  present  in  this  series  as  was  noted  in  the  solution  study,  namely,  a  de- 
crease in  the  amount  of  nitrogen  fixed  varying  with  the  size  of  the  application. 
At  a  concentration  of  1500  pounds  per  acre  in  this  experiment^  the  nitrogen- 
fixing  organisms  ceased  to  fix  any  more  atmospheric  nitrogen. 

TABLE  28 
•    The  effect  of  sodium  nitrate  upon  the  fixation  of  atmospheric  nitrogen 


MmooEN  nxATioif  m  solution 

1 

i 

LAB. 

NaNOt 
added 

Total  nitrogen  in 
solution 

ii 

3 

55 

A 

NaNOt 
pounds 
per  acre 

Nitrogen  in  50  gimms 

80U 

1 

il 

NO. 

2 

B 

fi 

5? 

1 

i 

fi 

V 

mgm. 

mgm. 

mgrn- 

mgm. 

mgm- 

1-2 

Check 

38.14 

38.14 

38.14 

Check 

41.87 

42.97 

42.42 

3^ 

None 

57.40 

56.58 

56.99 

18.85 

18.85 

100 

None 

56.62 

55.55 

54.08 

9.66 

9.66 

100 

5-6 

5 

57.83 

57.75 

57.99 

19.83 

19.22 

102 

100 

52.62 

54.20 

53.41 

10.93 

9,98 

103 

7-8 

10 

59.49 

59.27 

59.38 

21.24 

19.76 

105 

200 

53.50 

53.50 

53.50 

11.08 

8.56 

88 

9-10 

25 

62.19 

61.32 

61.75 

23.61 

19.98 

106 

600 

50.25 

51.60 

50.92 

8.50 

4.12 

42 

11-12 

50 

63.75 

63.20 

63.47 

25.33 

17.58 

90 

1,000 

53.35 

51.50 

52.42 

10.00 

3.17 

32 

13-14 

100 

67.42 

68.34 

67.88 

29.74 

14.14 

75 

1,500 

50.65 

50.65 

50.65 

8.23 

-1.00 

0 

15-16 

250 

87.25 

87.25 

49.11 

10.37 

55 

The  question  is  asked  whether  this  discouraged  activity  is  due  to  a  concen- 
tration of  the  sodium  salt  or  to  some  other  cause.  We  know  that  sodium 
nitrate  increases  bacterial  activity  to  a  great  extent.  Perhaps  the  presence 
of  this  salt  increased  the  bacterial  numbers  to  such  an  extent  that  the  increased 
host  of  microbes  used  up  all  of  the  available  energy  that  the  Azotobacter  re- 
quire to  fix  elementary  nitrogen.  Or  again,  the  increased  numbers  may  have 
made  it  difl&cult  for  Azotobacter  to  work  very  handily. 

Bearing  upon  this  point  lipman  (105)  has  data  showing  that  Azotobacter 
Vinelandii  is  seriously  inhibited  in  its  own  nitrogen-fixing  power  by  the  presence 
•of  ammonia  and  nitrate  salts. 

It  would  seem,  considering  the  work  of  the  earlier  investigators  as  well  as 
ihe  experiments  tabulated  here,  that  the  nitrogen-fixing  power  in  the  soil  is 
•discouraged  by  applications  of  sodium  nitrate,  although  in  solution  a  slight 
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Stimulating  action  is  to  be  seen.  This  decreased  fixation  is  to  be  explained 
on  several  grounds,  among  which  are  concentration,  antagonism  of  other  organ- 
isms, the  using  up  of  the  energy  supply  by  other  oiganisms,  and  the  discourage- 
ment of  fixation  by  the  use  of  sodium  nitrate  as  a  food  by  Azotobacter, 

PART  V 

Series  20.     The  transformation  of  nitrates  by  soil  microorganisms 

Experiment  1.  It  has  been  shown  in  the  previous  pages  that  soil  micro- 
organisms are  able  to  use  soluble  nitrogen  in  their  life  processes.  Moreover,  it 
has  developed  that  the  amoimt  and  efficiency  with  which  they  assimilate 
ammonia  or  nitrates  depends  to  a  very  large  extent  upon  the  kind  and  amount 
of  energy-providing  material.  All  other  things  being  equal,  the  assimilation 
18  in  direct  proportion  to  the  supply  of  energy. 

Necessarily,  soils  must  vary  in  the  amounts  of  available,  energy  which  they 
contain.  The  great  mass  of  organic  matter  left  in  the  roots  and  that  added 
annually  to  the  soil  in  the  form  of  green  and  farm  manures  contains  a  low  per- 
centage of  nitrogen  and  a  high  proportion  of  energy-providing  materials. 
This  excess  energy  must  affect  the  activity  of  the  soil  organisms,  and  hand  and 
hand  with  this  the  soluble  plant-food  in  soils. 

Again  experiments  carried  out  in  solution  have  indicated  that  the  form  in 
which  the  various  nitrates  are  supplied  has  much  to  do  with  their  assimilation. 
Kossowitz  (92)  and  de  Grazia  (53)  have  published  data  to  the  effect  that 
calcium  nitrate  is  more  resistant  to  transformation  than  sodium  nitrate. 

In  order  to  throw  some  light  upon  this  point  with  regard  to  the  same  action 
in  soils  a  new  series  of  experiments  were  set  up  to  test  the  relative  assimilability 
of  sodium  nitrate,  potassium  nitrate,  and  calcium  nitrate  in  three  types  of 
soil;  also  the  relative  assimilabihty  of  these  nitrates  when  supplied  to  a  soil 
with  large  amounts  of  energy  material. 

The  experiments  were  carried  out  as  foUows: 

One-hundred-gram  portions  of  three  types  of  soil,  the  Carrington  loam,  Norfolk  sandy 
Joam,  and  the  Penn  clay  loam  were  placed  in  tumblers  and  the  three  nitrate-bearing  salts 
added  to  them  in  amounts  equal  to  200  mgm.  of  the  salt  Water  was  then  supplied  to  50 
per  cent  of  the  water-holding  capacity.  The  tumblers  were  covered  with  glass  plates  and 
incubated  at  2(fC,  for  21  days.  Where  organic  matter  was  supplied  this  was  added  to  the 
son  by  means  of  the  mixer  previously  cited.  At  the  beginning  and  at  the  end  of  the  experi- 
ment the  soils  were  extracted  with  water  until  they  showed  the  presence  of  no  nitrates  by 
the  diphenylatnine  reaction  as  outlined  by  Withers  and  Ray  (224). 

It  is  assumed  that  the  soluble  nitrogen  not  in  the  form  of  ammonia  or  nitrates 
has  been  attacked  by  micro5rganisms  in  such  a  manner  as  to  make  them  of 
no  use  for  plant  growth. 

The  data  recording  the  transformation  of  the  three  nitrate-bearing  salts  in 
the  three  above-mentioned  soils  are  given  in  table  29.  In  this  table  columns 
1  and  2  express  the  ammonia  present  in  the  soils  at  the  beginning  and  at  the 
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end  of  the  experiment,  column  4  the  amount  of  nitrate  applied  in  milligiams 
of  nitrogen,  colunm  3  the  total  nitrates  in  the  soil  including  the  soil  nitrates, 
column  5  the  total  nitrates  at  the  end  of  the  experiment,  column  6  the  total 
applied  nitrates  at  the  end  of  the  experiment,  colunm  7  the  milligrams  of  total 
applied  nitrates  transformed  and  colunm  8  the  per  cent  of  applied  nitrogen 
transformed. 

From  an  examination  of  the  table  it  is  to  be  seen  that  the  total  amount  of 
nitrates  assimilated  varies  from  15  to  30  per  cent  with  a  general  average  of 
about  22  per  cent  in  all  soils  and  with  all  sources  of  nitrates.  In  the  Nor- 
folk sandy  loam  23.56  per  cent  of  the  nitrogen  of  sodium  nitrate  was  trans- 
formed, in  the  Penn  loam  clay  20  per  cent  and  in  the  Carrington  loam  24.27 

TABLE  29 
TransfomuUion  of  Ca(NOt)t,  KNOiy  and  NaNOi  in  various  soils 


LAB. 
NO. 

SOIL  AND  TU 

1-2 

N.  S.  L.  no  treatm 

5-4 

N.  S.  L.  +  NaNO, 

5-6 

N.  S.  L.  +  KNOi. 

7-8 

N.  S.  L.  +  Ca(NO 

9-10 

P.  C.  L.  no  treatmi 

11-12 

P.  C.  L.  +  NaNOi 

13-14 

P.  C.  L.  +  KNO«. 

15-16 

P.  C.  L.  +  Ca(NO 

17-18 

C.  L.  no  treatment 

19-20 

C.  L.  +  NaNOi. ,. 

21-22 

C.L.  +  KNO,.... 

23-24 

C.  L.  +  Ca(NO,), 

per  cent.  The  amount  of  nitrogen  as  calcium  nitrate  assimilated  seems  to 
be  at  a  minimum  in  the  Norfolk  sandy  loam  and  at  a  maximum  in  the 
Penn  clay  loam.  Potassium  nitrate  was  effectively  transformed  in  the  Car- 
rington loam  and  Penn  clay  loam  soils. 

Comparing  the  assimilation  of  calcium  nitrate  with  that  of  the  other  two  salts 
it  can  not  be  said,  as  a  generalization,  that  it  is  more  resistant  to  transforma- 
tion than  they  are.  The  relatively  large  percentage  of  assimilation  of  the 
three  salts  is  quite  remarkable  and  may  well  enter  into  the  availability  ques- 
tion as  a  partial  explanation  of  the  lack  of  recovery  of  the  total  nitrogen  sup- 
phed  in  mineral  fertilizers.  In  these  three  soils  the  different  amounts  of 
organic  matter  no  doubt  supplied  the  energy  for  the  above  phenomenon.  We 
can,  however,  cause  a  similar  phenomenon  to  take  place  by  using  standard 
soils  and  supplying  organic  matter  in  various  forms. 
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Experiment  2,  In  this  experiment  the  eflFect  of  barley  straw  was  studied 
on  the  assimilation  of  these  three  salts.  It  will  be  seen  by  consulting  table 
30  which  is  constructed  on  the  same  order  as  table  29  that  very  much  larger 
amounts  of  soluble  nitrates  are  taken  out  of  solution.  The  greatest  amount  of 
nitrate  assimilated  in  this  experiment  was  in  the  form  of  potassium  nitrate. 
As  was  the  case  with  this  soil  in  the  previous  experiment,  calcium  nitrate  was 
the  least  assimilated. 

The  phenomenon  of  assimilation  has  been  predominant  in  all  of  the  previous 
series  of  investigations.  Once  in  the  proptoplasm  of  the  microorganisms  it 
must  again  become  mineralized  before  it  can  be  used  by  the  plant.  It  is  of  great 
importance  to  us  to  know  how  fast  this  combined  nitrogen  will  become  avail- 
able again.  Beijemick  (7)  has  some  data  on  this  point.  He  found  that  some 
50  per  cent  of  the  total  nitrogen  of  Azotobacter  cells  which  he  supplied  was 

TABLE  30 

The  transformation  of  nitrates  from  various  sources  in  a  Norfolk  sandy  loam  rich  in  organic 

matter 


1-2 
3-4 

5-6 

7-8 

9-10 


SPECIAL  TItEATKENT 


No  treatment 

2  per  cent  Barley 

straw 

2  per  cent  Barley 

straw-f  NaNO,... 
2  per  cent  Barley 

straw  +  KNO|.... 
2  per  cent  Barley 

straw  Ca(NO|),.... 


td  91 


0.42 
0.42 
0.42 
0.42 
0.42 


0.45 
0.28 
1.65 


28.35 


1.67  37.50 
1.69  32.75 


30.02 

14.22 

13.13 

39.17 

14.79 

13.70 

34.42 

20.00 

18.91 

15.22 


53.69 


23.80  63.48 
13.8442.27 


63.78 


nitrified  in  about  seven  weeks'  time.  Biereima  (10)  also  has  worked  on  the 
question.  He  found  that  the  condition  of  the  protoplasm  was  a  limiting 
factor  in  the  process  of  mineralization.  Organisms  having  a  large  abundance 
of  spores  nitrified  very  Uttle,  whereas  those  not  in  this  condition  were  nitrified 
some  20  to  40  per  cent  in  two  months.  The  writer  has  also  carried  out  an 
experiment  on  this  point  in  which  the  nitrifiability  of  some  common  soil 
organisms  has  been  studied.  The  method  of  obtaining  the  micro5rganic 
substance  is  as  follows: 

A  sterile  portion  of  Cook's  (19)  No.  2  medium  was  inoculated  with  pure  cultures  of  soil 
fungi  and  incubated  for  12  days.  At  the  end  of  this  time  the  microbial  matter  was  killed 
by  sterilization  and  the  dead  substance  filtered  off  upon  filter  paper  and  washed  free  from 
nitrates.    The  material  was  then  dried  at  lOO^C.  and  ground  with  nitrogen-free  quartz  sand. 
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A  similar  process  was  used  to  obtain  a  bulk  of  B,  mycaides  protopLasm.  In  this  case, 
however,  sterile  bouillon  was  inoculated  with  this  oiganism  and  at  the  end  of  the  incubation 
peridd  the  bacterial  mass  was  removed  by  means  of  a  Berkefeld  filter,  washing  the  sub- 
stance with  distilled  water  until  free  from  foreign  matter.  It  was  then  dried  and  ground 
with  sand.  A  culture  of  Actinomyces  penicilUndes  was  also  obtained  on  the  same  manner 
as  the  fungus  material  was  secured. 

Total  nitrogen  determinations  were  then  made  upon  the  sand  plus  microOiganisms  and 
enough  of  the  material  to  equal  21  mgm.  of  nitrogen  was  used  to  test  its  nitrifiability.  The 
Carrington  loam  was  used,  as  this  soil  had  a  powerful  nitrifyiiitg  flora. 

For  comparative  purposes  the  nitrifiability  of  cottonseed  meal,  alfalfai 
dried  blood  and  green  rye  were  likewise  studied  at  tbe  same  time. 

In  recording  the  data  given  in  table  31  the  relative  values  of  the  materiak 
have  been  worked  out,  giving  dried  blood  a  value  of  100.  It  is  readily  seen 
from  a  survey  of  table  31  that  there  is  quite  a  variation  in  the  nitrifiability  of 

TABLE  31 
NUrification  of  microirganic  substance 


80UUZ  OV  NITKOaEN 


Actinomyces  peniciUoides. 

Alfalfa  meal 

Aspergillus  niger 

Bacillus  mycoides 

Cottonseed  meal 

Cladosporium  herharum. . 

Dried  blood 

Pusarium  huUatun 

Mucor  spinosus 

Rhisopus  trilica 

Rye 


NOl  AOCUlfULATICN 

AVESAGB 
MOM.  N 

Mgm.  N 

Mgm.  N 

0.18 

0.18 

6.10 

2.77 

6.43 

6.20 

6.30 

6.25 

1.18 

1.18 

1.18 

9.86 

9.96 

9.91 

4.42 

4.42 

4.42 

15.23 

15.39 

15.31 

15.39 

9.03 

12.21 

9.93 

7.24 

8.58 

10.63 

8.93 

9.78 

2.20 

2.05 

2.12 

FIK  CDTT 
BKLATHm  TO 


0 

41.0 
41.0 

0.5 
65.0 
28.0 
100.0 
79.0 
76.0 
65.0 

1.0 


microbial  matejial,  the  nitrates  formed  varying  from  0  to  79  per  cent  of  the 
value  of  the  dried  blood. 

The  organisms  most  readily  nitrified  were  Fusarium  buUatum  and  Mucor 
spinosis.  The  two  organisms  were  even  more  nitrifiable  than  an  equivalent 
quantity  of  nitrogen  as  cottonseed  meal  or  alfalfa  meal.  Rkizopus  trilica  also 
nitrified  as  well  as  cottonseed  meal,  and  superior  to  rye  or  alfalfa.  In  fact, 
rye  did  not  nitrify  at  all  during  the  incubation  period.  Aspergillus  niger,  very 
rich  in  spores,  was  of  low  nitrifiability;  this  was  likewise  true  of  Cladosporium 
herbarium. 

The  only  bacterium  and  Actinomyces  experimented  with  nitrified  but  little. 
Bierima's  (10)  data  on  this  point,  however,  give  the  nitrifiability  of  5acitti« 
agreste  as  18  per  cent.  Bacillus  radiobacter  9  per  cent  and  Bacillus  fluorescens  18 
per  cent  of  the  total  nitrogen  supplied,  at  the  end  of  2  months. 

Taking  the  whole  information  on  this  subject  per  se,  it  would  appear  that 
this  nitrogen  would  probably  not  become  available  for  crop  use  until  too 
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late  in  the  season.  Tliis  would  again  strengthen  our  stand  that  the  assimila- 
tion of  soluble  mineral  fertilizers  has  much  to  do  with  the  ultimate  recovery 
of  applied  nitrogen. 

In  the  preceding  pages  an  attempt  has  been  made  to  study  the  influence  of 
sodium  nitrate  upon  the  nitrogen  transformation  in  soils,  with  a  view  of  ob- 
taining a  more  perfect  understanding  of  the  various  factors  which  go  to  aflFect 
the  availability  of  this  manure.  Some  of  the  more  pertinent  points  brought 
out  in  the  investifation  have  been  summarized  below.  Necessarily  all  the 
details  cannot  be  smnmarlzed  and  the  reader  must  consult  the  text  for  the  finer 
points  of  the  investigation. 

In  carrying  out  the  work  the  author  has  had  the  ever  helpful  advice  of  Dr. 
J.  G.  Lipman,  whom  he  now  takes  the  opportunity  to  thank  most  heartily. 
In  addition  the  author  wishes  to  thank  Prof.  A.  W.  Blair,  Dr.  WiUiam  S. 
Myers  and  the  members  of  the  Soil  Fertility  Research  Laboratory  of  Rut- 
gers College  for  their  kindly  interest  and  suggestions  during  the  course  of 
the  investigation. 

SUMMARY 

1.  It  has  been  shown  by  a  review  of  the  literature  upon  the  availability  of 
nitrogenous  manures  that  a  given  quantity  of  nitrogen  in  the  form  of  nitrates 
is  superior  to  the  same  quantity  in  the  form  of  anmionia  and  this  in  turn  is 
of  more  value  than  organic  forms. 

2.  Theories  for  these  relative  availabilities  have  been  presented  and 
discussed. 

3.  The  reasons  why  a  higher  proportion  of  the  applied  nitrogen  of  sodium 
nitrate  is  not  recovered  are  also  discussed  and  the  probabiUty  of  these  dif- 
ferences being  explained  on  biological  groimds  is  studied  in  detail. 

4.  In  studying  the  influence  of  sodium  nitrate  upon  nitrogen  transforma- 
tion in  soils,  its  effect  upon  the  ammonif>dng,  nitrifying  and  nitrogen-fixing 
powers  of  seven  types  of  soil  has  been  taken  up. 

5.  It  has  been  shown  that  applications  of  sodium  nitrate  markedly  increase 
the  simplification  of  protein  material  applied  to  soils. 

6.  There  is  some  difference  to  be  noted,  however,  with  regard  to  the  source 
of  organic  matter. 

7.  Cottonseed  meal  is  ammonified  to  a  much  larger  extent  in  the  presence 
of  sodium  nitrate  than  is  dried  blood. 

8.  The  lesser  effect  of  the  action  of  sodium  nitrate  upon  the  ammonification 
of  dried  blood  is  only  apparent,  and  not  real. 

9.  This  is  due  to  the  effect  of  this  fertilizer  in  increasing  bacterial  activity, 
these  increased  numbers  assimilating  the  end  point. 

10.  A  method  for  studying  this  assimilating  phenomenon  has  been  outlined 
and  successfully  used. 

11.  Acid  phosphate  increases  the  ammonification  of  dried  blood  nitrogen, 
but  sodium  nitrate  added  as  a  limiting  factor  does  not  enhance  the  decay  of 
this  material. 
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12.  Potash  in  the  form  of  potassium  chloride  has  a  slight  stimulating  effect 
in  some  soils.    In  others,  however,  no  action  is  to  be  observed. 

13.  Sodium  nitrate  decreases  the  ammonia  accumulation  in  soils  supplied 
with  excess  energy  in  the  form  of  dextrose. 

14.  If  arranged  in  the  proper  proportions,  sodium  nitrate,  acid  phosphate 
and  potassium  chloride  markedly  increase  the  simplification  of  organic  matter, 
in  a  degree  beyond  which  any  single  application  would  stimulate. 

15.  Sodium  nitrate  loses  its  stimulating  action  to  a  great  extent  in  alkaline 
soils. 

16.  This  is  due  to  an  increase  in  the  numbers  of  bacteria,  which  assimilate 
a  considerable  proportion  of  the  simplified  material,  and  also  to  a  rearrange- 
ment of  the  soil  flora. 

17.  Of  the  soil  flora  studied  the  soil  fungi  respond  the  most  to  applications 
of  sodium  nitrate,  with  the  bacteria  next  in  order. 

18.  The  stimulating  influence  of  sodium  nitrate  is  due  to  the  anion. 

19.  Sodium  nitrate  stimulates  the  nitrification  of  dried  blood,  cottonseed 
meal  and  to  a  less  extent  anunonium  sulfate. 

20.  The  stimulative  action  is  not  apparent.  Secondary  reactions,  such  as 
increased  cell  division,  with  a  subsequent  assimilation  of  nitrates,  are  set  up 
in  the  system  and  hide  the  end  point. 

21.  In  large  quantities  sodium  nitrate  depresses  nitrification,  the  magnitude 
of  the  depression  depending  first  upon  the  sources  of  nitrifiable  material  and 
second  upon  the  type  of  soil. 

22.  In  large  quantities  the  presence  of  sodiiun  nitrate  first  becomes  toxic  to 
the  nitrification  of  ammonium  sulfate,  then  to  dried  blood  and  lastly  to  cot- 
tonseed meal. 

23.  Sodium  nitrate  in  amounts  up  to  5000  pounds  per  acre  aflfects  NUro- 
bacter  the  same  way  as  NUrococcus. 

24.  In  amounts  beyond  5000  poimds  per  acre  there  is  evidence  to  show 
that  Nitrohacter^s  activity  is  stopped,  whereas,  that  of  NUrococcus  still  manifests 
itself. 

25.  Sodium  nitrate  in  small  quantities  stimulates  nitrogen  fixation  by 
Azotobacter,    In  larger  quantities  this  salt  depresses  this  process. 

26.  Large  quantities  of  nitrates  are  assimilated  by  biological  forms  in  soils. 

27.  The  amount  assimilated  is 'about  20  per  cent  of  the- applied  nitrogen. 

28.  The  idea  is  not  tenable  that  calcium  nitrate  is  assimilated  to  a  lesser 
degree  than  sodium  nitrate. 

29.  Experiments  carried  out  on  the  nitrifiability  of  microbial  matter  show 
wide  differences  in  this  respect. 

30.  The  entire  study  of  the  influence  of  the  sodiiun  nitrate,  upon  nitrogen 
transformations  in  soils  seems  to  indicate  rather  strongly  that  in  the  cases 
where  larger  quantities  of  nitrogen  are  recovered  in  the  crop  than  can  be  ac- 
counted for  by  the  amount  of  sodium  nitrate  applied,  this  is  due  to  a  drawing 
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on  the  soil's  own  nitrogen  supply.    This  supply  is  acted  upon  by  a  stimulated 
bacterial  flora,  brought  about  by  the  presence  of  sodium  nitrate. 

31.  On  the  other  hand,  where  more  or  less  of  the  nitrogen  applied  is  re- 
covered the  variations  in  the  recovery  may  in  a  large  measure  be  explained 
on  the  grounds  of  assimilation  of  nitrates  by  soil  organisms. 

32.  Of  the  three  nitrogen-transforming  groups  of  soil  organisms  sodium 
nitrate  a£Pects  the  nitrogen-fixing  group  most  adversely,  has  a  lesser  detri- 
mental eflFect  on  the  nitrifying  group,  and  afiFects  the  ammonifying  group  least 
adversely. 

33.  As  applied  in  agricultural  practice  sodium  nitrate  generally  enhances 
the  activity  of  the  ammonifying  and  nitrifying  groups.  On  the  other  hand, 
the  activity  of  the  nitrogen-fixing  group  is  discouraged  by  its  presence. 

34.  In  no  case  will  toxicity  be  caused  by  sodium  nitrate  if  it  is  applied 
rationally. 
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DffiECTORY  OF  FERTILIZER  MANUFACTURERS  AND  DEALERS 


The  American  Agricultural  Chemical  Co. 

2  RECTOR  STREET 
Cable  Address:   Agrichem  New  York  City 

ARMOUR  FERTILIZER  WORKS 

General  Offices :  Union  Stock  Yards 
CHICAGO,  U.  S.  A. 

1501-1514  Munsey  Bldg.     BALTIMORE,  MD. 

BAUGH  &  SONS  CO. 

Manufacturers  and  Importers 

Ottoe:  M  South  Delaware  Ave.      Philadelphia.  Pa. 
Works:  Foot  of  Morris  St.  r— -» 

BOWKER    FERTILIZER   CO. 

Subsidiary  of  The  American  Agricultural  Chemical 
Company 

O^cee 

New  York  -  Boston  -  Cincinnati 

Philadelphia  -  Baltimore 

N€W  York  Omcm  90  Trinity  ^face 

THE  COE-MORTIMER  CO. 

i diary  of  The  American  Agiieultural  Chemical 
Company 

Manafactnrert  of 

£.  Frank  Coe  Fertilizers 
'     .nbers  St.  New  York  Qty 

HAFLEIGH  &  COMPANY 

Xanufacturers  of 

BONE  PRODUCTS 

American,  Somerset,  Philip  and  Cambria  Sts. 
PHILADELPHIA,  PA. 

Inlemational    Agricultural    Corporatioii 

General  Offices,  61  Broadwaj 
NBWTORK 

Southern  Department 

Hurt  Bldg.  Atlanta,  Ga. 

Keystone  Bone  Fertilizer  Company 

Office 
15  NORTH  FIFTH  STREET 

Works 

25th  WARD 

PHILADELPHIA  PENNA. 


N«  J.  Fertilizer  &  Chemical  Co. 

Works 
Crozton,  Jersey  City,  N.  J. 


136  Water  St. 


New  York  City 


The  Phosphate  Mining  Company 

Msaqfactarers  of 

Acid  Phosphate 

124  Bay  St.,  East  Savannah,  Georgia 

RASIN- MONUMENTAL   CO. 

Sobsidiaxy  of  the 

VmomU-CAROUNA  CHEMICAL  CO. 

Manufacturers  of 

Fertilizers  and  Sulphuric  Acid 
BALTIMORE  MARYLAND 

F.  S.  ROYSTER  GUANO  CO. 

Royster  Building 
NORFOLK  VIRGINIA 


SWIFT  &  COMPANY 

Producers  of 

BLOOD-BONE-TANEAGE 

HI6H-GRADB  FERTILIZERS 
Harrison  StaUon  NEWARK,  N.  J. 

I.   P.   THOMAS   &  SON   CO. 

Works 

Mantua  Point,  N.  J. 

Office 
1000  Drejwl  Bldg.         PHILADELPHIA,  PA. 

F.  W.  TUNNELL  &  CO.,  Inc. 

Manufacturers  of 
High  Grade  Fertilizers 


Office 
15  North  PIf  th  St. 


Facteiy 
Gaul  St.  &  Wheat  Sheaf  Lane 


PHILADELPHIA,  PA, 


Virginia-Carolina  Chemical   Co. 

Manufiscturers  of 

FERTILIZERS 

Basten  Sales  Office 

Equitable  Building  IM  Broadway 


NEW  YORK  CITY 
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DIRECTORY  OF 
IJme  Manufactorere  and  Dealers 

Editon    Pulverized   Limestone    Co. 

No.  8  West  40th  St. 
New  York  Qty 

TalephoAo:    VanderbUt  1863 

M.  J.  GROVE  LIME  CO. 

lUnofactiiren  of  the 

Famous  Frederick  County  Lime 
LIME  KILN,  MD. 

C.  T.  RUSSELL 

Mmimf actiirer  of  Gnuhed  Oyster  SheVs  for 
Poultry  and  Oyster  Shell  Uine 

Ofioe  and  Works 

Foot  of  Jersey  Avenue 

(Central  R.  R.  Freight  Yard) 

P.  O.  Boi  25 JERSEY  CITY,  N.  J. 

Steacy  &  Wilton  Company 

Msnofacttirers  of 

''Sterling"  Brand  Hydrated  Lime 

WRIGHTSVILLE  PENNA. 

CHARLES  WARNER  COMPANY 

Msnofscturers  of  Warner's 


JJUnKMV 


{Pure  "Cedar  Hollow"  Hydrated  Lime) 

ALSO  FIITBLT  PULVERIZED  LIMESTONE 

Wilm'n,  Del.        Philada.,  Pa.       N.Y.  City 


THE  Journal  op    the    Association 
OF  Official  Agricultural  Chem- 
ists embraces  the  valuable  revised 
and  official  methods  of  Analysis. 

Chemists  pronounce  the  Journal  as  the 
authoritative  publication  on  agricultural 
chemistry  in  its  numerous  ramifications. 

Volume  111,  issued  quarterly,  price  $5.00,  North 
America;  $5.50  elesewhere. 

ORDER   FROM 

Williams  &  Wilkins  Company 

Publishers 
Baltimore,  U.  S.  A. 


Poultry  Freezers 

on  the  Farm 

An  ice  machine  will 
maintain  low  temper- 
atures at  low  cost  of 
operation  and  upkeep. 

BRUNSWICK 

REFRIGERATING 

CO. 

Dept.  G,  NEW  BRUNSWICK,  N.  J. 


INSURE  YOUR  SEED  WITH 


THE  SIMPLEST  SAFEST  AND  SUREST  STSren 
OF  SOIL    INOCULATION  FOR  ALL  LEGUMES 

"NITRAGIN"  is  grown  from  original 
Hiltner  cultures — bacteria  with  the  greatest 
possible  nitrogen-gathering  power. 

It  is  sold  in  a  modem  scientific  form— 
the  granular  medium  in  the  ventilated  can. 
The  bacteria  are  therefore  of  high  virility 
at  seeding  time. 

^^NITRAGIN"  is  sold  by  seed  dealers 
generally.  If  your  dealer  cannot  8UK)ly 
you,  order  direct  from 

The  "NITRAGIN"  Ck).,  Waterloo,  Iowa. 
Write  for  free  booklet 
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MICHELIN 

Universal  Treads 


High  Quality— Moderate  Price 

Unusual  Durability 
Sold  Everywhere  -  -  Factory,  Milltown,  N.  J. 


Mend  It  With  Zonas 

Zonas  Adhesive  Plaster  has  an  almost  inexhaustible  list  of  every  day  uses 
in  the  household,  on  the  farm,  in  the  dairy,  in  the  laboratory^ 

It  is  a  perfect  article  for  mending  clothing,  furniture,  hose,  rubber 
tubing,  raincoats,  tires,  leather  purses,  gloves,  glassware,  window 
panes,  book  binding. 

It  is  very  useful  in  the  laboratory. 

Being  waterproof  and  a  non-conductor,  it  is  excellent  for  repairing 
electrical  apparatus. 

It  can  be  used  as  weather  strips  and  to  seal  cracks  and  crevices  in 
a  room. 

It  makes  desirable  hinges  for  pasteboard  box  covers  and  a  good 
binding  for  book  covers. 

Every   home,  laboratory,   shop  and  bam  needs  it  and  travelers  should 
never  be  without  it. 

Ask  Your  Druggist 

JOHNSON  &  JOHNSON 

New  Brunswick,  N.  J. 
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Red    Cross   Farm   Powders 

For  Preparing  Tree  Holes 

The  extensive  use  of  explosives  for  preparing  root-beds  of  fruit  and  ornamental  trees  is 
an  endorsement  of  this  method  of  tree^lanting.  The  prevention  of  first-year  losses,  the  op- 
portunities for  root  expansion  and  deeper  penetration,  the  storage  of  moisture  and  more 
vigorous  growth  are  advantages  directly  traced  to  blasting  soil  before  planting  trees. 

Approved  by  Leading  Orchardists 

Hale,  the  "Peach  King,"  the  Starks,  Harrison  Bros.  Co.,  Craig  of  Virgin 
other  widely-known  and  successful  fruit  growers  say: 

''We  are  thoroughly  convinced  that  trees  planted  in  blasted  ground  are  insured  against 
first-year  loss,  poor  root  development,  limited  feeding  areas,  lack  of  moisture  and  slow  growth." 
If  you  have  trees  to  plant  for  profitaUe  or  ornamental  purposes,  our 

Free  Booklet  Tells  How 

to  safely  and  sanely  use  RED  CROSS  FARM 
POWDERS  to  blast  the  soil.  Do  not  plant 
your  trees  in  shallow,  spaded  holes.  See  how 
the  roots  in  blasted  soil  extend  over  wider  area 
and  penetrate  deeply  to  moisture-laden  strata 
to  where  plant  food  is  plentiful.  Plant  your 
trpos  "for  kpf*ns  *' 

Write  for  FREE  Booklet— "Increasing  Or- 
chard Profits." 

E.  I.  du  Pont  de  Nemours 

and  Company 
WILMINGTON,  DELAWARE 
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M&tt&WKaK 

TOE    AND    HEEL 


NO  EQUAL  FOR  WEAR 
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THELCO  INCUBATORS 

for  all  kinds  of 

Bacteriological 

work 

BEST  moderate  priced  incu- 
bators. Recomrrended  for 
the  requireirents  of  physicians  as 
well  as  for  regular  laboratory' 
work. 

Thelco  Bacteriological  Incubators 
are  built  of  well  seasoned  heavy  oak, 
finished  inside  and  outside  with  white 
paint  enamel  which  can  be  kept  clean 
by   wiping  with  a  moistened  cloth. 
This  finish  imparts  to  the  incubators 
a  handsome  and  clean  appearance. 
An  inner  door  of  glass  is  provided  to 
allow  inspection  of  the  chamber  with- 
out   opening    the   door.     No   water 
jacket  is  used  or  required. 
An  exclusive  feature  is  the  removable  wire  resistance  heating  plate.    This  method 
of  heating  is  distinctly  superior  to  lamps  in  that  it  evenly  distributes  the  he&t 
throughout  the  chamber;  furthermore,  it  will  not  burn  out  to  cause  spoilage  of  cul- 
tures, annoyance  and  inconvenience,  that  are  so  apt  to  happen  when  lamps  are  employed 
as  a  heating  medium. 

The  Thelco  bi-metallic  Thermostat  employed  will  maintain  the  temperature  con- 
stant to  within  a  degree  without  any  attention  after  adjustment  is  once  made. 

The  Operation  is  very  simple.  To  place  the  incubator  in  use,  it  is  only  necessary 
to  screw  the  attachment  plug  into  an  electric  light  socket  and  turn  on  the  current; 
then  adjust  the  regulator  until  the  thermometer  reaches  the  temperature  desired, 
which  will  remain  constant  to  within  a  degree.  The  incubator  can  be  operated  on 
direct  or  alternating  current. 

When  ordering  plea»e  atate  voltage  of  current 


1 


No. 

Dimensions  of  Chamber 

Equipment 

Price,  Net 

2 
4 
5 

6* 

7* 

Inches 

12  X  12  X  12 
18  X  18  X  26 
18  X  18  X  26 
28  X  36  X  18 
28  X  36  X  18 

Without  Stand 
Without  Stand 
With  Stand 
Without  Stand 
With  Stand 

$38.50 

62.50 

75.50 

110.00 

128.00 

Incubators  No.  6  and  7  are  made  with  double  divided  doors. 


EIMER  &  AMEND 

Third    Avenue,    18th    to    19th    Streets,    New   York 

Branch  Office.:  i  ^011  Jenkin.  Arcade.  Pittsburgh,  Pa. 
1  48  Sparks  St.,  Ottawa,  Can. 
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"S.  c.  p." 

JAPANESE   PORCELAIN   WARE 

Large  shipments  now  arriving  from  Japan,  provide  for  the 
first  time  in  two  years,  an  adequate  stock  of  this  excellent  por- 
celain ware  for  prompt  shipment  on  all  orders,  particularly  of 

CASSEROLES 

so  generally  preferred  in  metallurgical  laboratories,  also 

EVAPORATING  DISHES 

of  large  capacity,  i.e.,  5,000,  10,000  and  165,000  cc,  not  here- 
tofore obtainable  in  this  ware,  and 

CRUCIBLES 

high  and  low  forms,  Gooch,  Rose,  and  special  for  bitumens 

ETC.,  ETC. 

It  is  our  judgment,  based  upon  definitive  laboratory  tests  and 
the  universal  satisfaction  expressed  by  users,  that  '^S.  C.  P.'' 
porcelain  ware  is,  as  a  general  statement,  the  best  laboratory 
porcelain  ware  now  obtainable  in  any  considerable  quantities. 

Since  the  first  announcement  of  '^S.  C.  P."  porcelain  ware  the 
demand  has  far  exceeded  our  supply;  therefore,  orders  must 
be  placed  promptly  to  avail  of  this  stock. 

Detailed  iUuttrated  price  litt  tent  upon  requett 


ARTHUR  H.  THOMAS  COMPANY 

I MPORTERS-DEALERS-EXPORTERS 

LABORATORY  APPARATUS  AND  REAGENTS 

WEST  WASHINGTON  SQUARE  PHILADELPHIA,  U.  S.  A. 
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Cenco-Nelson  High  Vacuum  Pumps 


Horisontal  Section 
Uirouch  G«an 

Vertical  Section 

No.  1222 

On  account  of  their  simplicity  and  ease  of  operation  these  new  pomps  are 
admirably  adapted  for  vacuum  filtration  and  general  laboratory  use.  They  are 
compact,  operate  with  very  small  expenditure  of  power,  require  no  attention 
when  in  operation  and  should  last  indefinitely. 

No.   1322.     Cenco-Nelson   High   Vacuum   Pump,   Two-Stage.     This 
pump  consists  essentially  of  two  pairs  of  rotating  gears  enclosed  in  an  outer  case 
containing  oil.     The  shaft  bearing  the  driving  pulley  is  provided  with  means  for 
automatically  lubricating  and  oil  sealing,  which  prevents  air  from 
case.    The  sectional  diagrams  show  the  construction. 

The  pump  measures  about  seven  inches  high  by  five  inches  diar 
and  weighs  approximately  ten  pounds.     The  puUey  is  grooved  for  •    ' 
belt  and  only  requires  1-20  to  1-10  h.p.  motor  to  operate  according  to  speed  as  it 
may  be  run  from  100  to  1500  r.p.m. 

Under  favorable  conditions  a  vacuum  of  0.1  mm  may  be  obtained,  this  being 
reached  in  a  one-liter  vessel  in  about  four  minutes  with  proper  speed.  On  con- 
tinuous service  some  heating  takes  place,  lowering  the  vacuum  to  0.2  or  0.3  mni. 
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Net $25.00 
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J  Sulphate    of    Ainnionia 

I  is  an  important  nitrogenous  fertilizer,  made  by  a 

f  process— the  by-product  coke  oven— that  is  essen- 

m  tial  to  the  conservation  of  our  national  coal  supply. 

J  It  is  made  in  an  American  plant  from  American  coal,  facts 

J  that  have  lately  acquired  a  new  significance. 

J  It  is  our  main  reliance  in  the  present  nitrogen  shortage  but 

I  there  is  enough  wasted  in  the  beehive  coke  ovens  to  double 
our  present  supply. 


i 
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J 
I 
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Scientific  agriculturists  can  help  this  by  pointing  out  the 
need  of  this  wasted  ammonia  in  agriculture,  and  the  most 
effective  methods  of  using  it. 

ARCADIAN  Sulphate  of  Ammonia  is  kiln-dried  and  ground 
and  can  readily  be  drilled  in  by  itself  or  used  in  mixtures. 
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A  CORRELATION  BETWEEN  BACTERIAL  ACTIVITY  AND  LIME 
REQUIREMENT  OF  SOILS 

FIRJMAN  E.  BEAR 
Department  of  Agricultural  Chemistry  and  Soils,  Ohio  State  University 

Received  for  publk&tion  September  12,  1917 
mTRODUCTION 

Limestone  regions  are  noted  for  their  fertility.  Alfalfa,  red  clover,  blue- 
grass,  and  com  are  among  the  crops  which  thrive  best  on  limestone  soils. 
Those  soils  which  do  not  naturally  contain  carbonate  of  lime  are  usually  made 
more  productive  by  applications  of  lime  or  limestone.  Extensive  investiga- 
tions carried  out  by  the  Rhode  Island,  Maryland,  Pennsylvania,  Ohio,  Dli- 
nois,  and  other  agricultural  experiment  stations  have  demonstrated  the 
value  of  lime  in  either  the  oxide,  hydrate  or  carbonate  form  on  soils  which 
are  acid  to  litmus.  An  excellent  review  of  the  most  important  investigational 
work  on  the  use  of  lime  on  add  soils  is  given  by  Frear  (9). 

The  investigations  of  Wheeler  at  the  Rhode  Island  Agricultural  Experi- 
ment Station,  indicate,  however,  that  a  number  of  plants  of  economic  im- 
portance thrive  on  soils  which  contain  no  solid  carbonate  of  lime.  Some  of 
these  plants  are  benefited  by  lime,  but  others  are  injured  by  applications  of 
lime.  Wheeler  (36)  says  that  orchard  grass  {Dactylis  glomerataj  L.)  ajad  mea- 
dow fescue  (Fesluca  daHor,  L.)  are  less  injured  by  soil  acidity  than  Kentucky 
blue-grass  {Poa  pratensis,  L.)  and  timothy  (Phleum  pratense,  L.)  and  that 
awnless  brome  grass  (Bromus  inermus,  L),  red  top  (Agrostis  alba  var,  vulgaris ^ 
Thurb.),  and  Rhode  Island  bent  {Agrostis  canina,  L.)  do  not  seem  to  be  suscep- 
tible to  injury  even  on  decidedly  acid  soils.  He  also  states  (37)  that  Concord 
grapes  are  apparently  indiflFerent  to  the  lack  of  lime  and  that  cranberries, 
raspberries,  and  lima  beans  are  injured  by  liming,  the  last  named  growing 
splendidly  on  soils  so  acid  as  to  entirely  destroy  lettuce,  spinach,  onions,  beets 
and  asparagus.  In  hi^  latest  puJ)lication  on  this  subject  Wheeler  (38)  gives 
a  summary  of  his  work  in  which  he  shows  that  plants  vary  in  their  require- 
ments from  those  which  are  injured  by  applications  of  lime  even  to  a  very 
acid  soil,  to  those  which  are  unable  to  live  on  an  acid  soil  and  are  benefited 
remarkably  by  lime. 

Coville  (6)  states  that  the  blueberry,  cranberry,  strawberry,  blackberry, 
red  respberry,  potato,  sweet  potato,  rye,  oats,  millet,  buckwheat,  red  top, 
carrot,  turnip,  cowpea,  hairy  vetch,  crimson  clover,  soybean,  lupine,  and 
serradella  are  adapted  to  acid  soils.    He  concludes,  "soil  acidity  is  not  always 
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an  objectionable  condition  which  invariably  requires  lime"  and  "under  cer- 
tain conditions,  a  complete  system  of  acid  agriculture  is  practicable." 

Harter  (14)  writes  that  liming  has  been  shown  to  be  beneficial  to  all  crops 
on  Norfolk  sqils  with  the  exception  of  beans,  peas,  and  tomatoes.  Kossovitch 
and  Althausen  (26)  report  that,  while  the  Uming  of  acid  podzol  soils  strikingly 
increases  the  yields,  the  limit  of  increase  is  at  about  the  point  of  neutralization 
and  that  an  excess  injures  the  plants.  No  statement  is  made  as  to  how  the 
point  of  neutralization  was  determined.  Heinrich  (15)  concludes  that  the 
determination  of  lime  in  a  soil,  by  digesting  with  10  per  cent  hydrochloric 
acid,  can  be  used  as  an  index  in  determining  what  crops  wiU  thrive.  Ac- 
cording to  his  report,  the  least  amounts  of  lime  which  will  permit  of  successful 
growth  .are: 

OUcimm  cafhomate 
Cf9Ps  mtkesml 

percent 

Lupines,  potatoes,  and  rye 0.05 

Oats  and  barley 0.05  to  010 

Peas  and  vetch 0. 10 

Red  clover 0.10  to  0.12 

Alfalfa 0.20  to  0.30 

Fred  and  Graul  (10)  experimenting  with  alfalfa,  soybeans,  and  red  clover 
on  acid  soils  of  two  series,  conclude  that  half  enough  lime  to  neutralize  the 
soil  acidity  as  measured  by  the  Truog  (32)  method  is  sufficient  for  the  pro- 
duction of  good  yields  of  these  crops  on  acid  soils  of  these  two  series. 

THE  RELATION   BETWEEN  BACTERIAL  ACTIVITY  AND  THE  REACTION   OF   SOILS 

One  of  the  reasons  usually  given  for  the  maintenance  of  a  neutral  or  slightly 
alkaline  reaction  in  soils  is  that  the  soil  microorganisms,  which  have  to  do  with 
the  processes  of  decay  and  the  changes  by  which  certain  organic  and  inorganic 
substances  become  available  for  higher  plants  are  unable  to  work  to  best 
advantage  in  an  acid  medium.  The  ammonif)dng,  nitrifying,  and  nitrogen- 
fixing  bacteria  are  thought  to  prefer  a  neutral  or  slightly  alkaline  medium. 
However,  it  is  probably  true  that  the  various  groups  of  soil  bacteria  are  differ- 
ently affected  by  the  soil  reaction.  The  influence  of  acidity  and  alkalinity 
on  the  development  of  pathogenic  bacteria  has  been  studied  by  a  number  of 
investigators.  The  literature  on  this  subject  is  reviewed  quite  fully  by  Itano 
(21).  The  degree  of  acidity  or  alkalinity  which  the  organisms  are  able  to 
withstand  varies  with  the  species.  Certain  forms,  e.g..  Bacterium  tuberculosis, 
are  able  to  Uve  in  the  presence  of  a  considerable  degree  of  acidity.  It  is 
reasonable  to  believe  that  soil  microorganisms  show  similar  differences  in  this 
respect.  The  fact  that  many  acid  soils  are  supporting  vegetation,  indicates 
that  bacterial  processes  are  being  carried  on  in  them,  although  these  processes 
might  be  materially  hastened  if  lime  were  applied. 

The  nuAaber  of  bacterial  colonies  from  soil  aliquots  which  will  develop  on 


Digitized  by 


Google 


BACTERIAL  ACTIVITY  AND  LIME  REQUIREMENT  435 

agar  plates  is  influenced  by  the  reaction  of  the  medium.  Hoffmann  (16) 
finds  in  counting  the  niunber  of  bacteria  in  soils  that  a  medium  slightly  acid 
to  phenolphthalein  is  more  favorable  than  a  medium  which  is  neutral  or 
slightly  alkaline  to  phenolphthalein.  Fischer  (8),  who  conducted  probably 
the  most  extensive  investigations  on  the  effect  of  lime  on  the  nimiber  of  bac- 
teria in  soils,  shows  that  an  application  of  either  calcium  oxide  or  calcium 
carbonate  has  a  very  marked  effect  in  increasing  the  .total  number  of  bacteria. 

That  the  rate  of  ammonification  is  increased  by  applications  of  lime  is 
shown  by  Voorhees  and  Lipman  (35).  Coville  (6)  points  out  that  many  soils 
acid  to  litmus  contain  large  amounts  of  ammonia.  Kopeloff  (25)  shows  that 
"where  the  soil  reaction  is  unfavorable  for  the  activities  of  the  soil  bacteria 
concerned  in  ammonification,  the  soil  fungi  may  prove  to  be  an  important 
compensating  factor." 

The  rate  of  nitrification  is  increased  by  applications  of  lime  on  soils  which 
give  an  acid  reaction  with  litmus.  The  results  obtained  by  Lyon  and  Bizzell 
(27)  are  typical.  A  number  of  other  investigators  report  similar  effects  from 
the  use  of  lime.  Scales  (29),  studying  the  activities  of  nitrifying  organisms, 
finds  they  are  most  active  in  the  presence  of  50  per  cent  of  the  calcium-car- 
bonate requirement  (Veitch)  of  the  soil.  An  excess  of  calcium  carbonate 
seems  to  be  toxic  to  the  nitrifying  organisms.  Temple  (31)  finds  that  if  an 
organic  source  of  nitrogen  is  used  instead  of  ammonium  sulfate,  the  formation 
of  nitrates  is  much  greater  in  acid  soils.  He  explains  this  increased  nitri- 
fication on  the  basis  of  the  formation  of  neutral  zones,  caused  by  the  production 
of  ammonia,  at  which  points  conditions  are  favorable  for  nitrification.  Temple 
also  shows  that  calcium  salts  of  organic  acids  can  be  used  as  effectively  as 
calcium  carbonate  in  overcoming  the  toxic  effect  of  ammonium  siflf ate  on  an 
acid  soil.  Miller  (28),  working  with  a  sandy  soil  acid  to  litmus,  finds  that  an 
application  of  0.1  per  cent  of  calcium  oxide  caused  a  decrease  in  the  ability 
of  the  soil  to  nitrify  ammonium  sulfate  and  that  0.5  per  cent  of  calcium  oxide 
stopped  the  process  entirely.  Hutchinson  (19)  finds  that  calcium  oxide  acts 
not  alone  as  a  neutralizing  agent,  but  also  as  a  partial  sterilizing  agent.  Since 
in  the  experimental  work  following  applications  of  neutralizing  agents  are 
confined  to  calcium  carbonate,  it  does  not  seem  necessary  to  include  any 
further  discussion  on  the  effect  of  calcium  oxide  on  the  bacterial  processes  In 
the  soil. 

It  should  be  remembered  that  it  has  been  shown  that  nitrate  nitrogen  is 
not  necessary  for  all  plants.  Hall  and  Miller  (12)  call  attention  to  the  fact 
that  ammonium  sulfate,  on  the  Park  plats  of  the  Rothamsted  Farm,  pro- 
duces very  good  crops  of  grass,  although  the  soil  is  deficient  in  lime  and  very 
little  nitrification  takes  place.  Hutchinson  and  Miller  (20)  find  that  peas 
are  able  to  utilize  ammonia  nitrogen  as  well  as  nitrate  nitrogen,  although  the 
opposite  is  true  with  wheat.  Kelley  (24)  shows  that  rice,  grown  in  swamp 
land,  secures  its  nitrogen  in  the  form  of  ammonia.  If  ammonification  proc- 
esses are  less  affected  than  nitrification  processes  by  a  deficiency  of  Ume  in 
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the  soil,  then  plants  which  are  able  to  utilize  ammonia  can  survive  where  those 
depending  on  nitrate  nitrogen  cannot  live. 

Hopkins  (18)  notes  that  the  application  of  lime  increases  the  power  of 
Bacillus  tadicicola  in  certain  legumes  to  fix  atmospheric  nitrogen.  Whiting 
(39)  writes  that  nodules  are  often  found  in  abundance  on  legumes  on  very 
acid  soils.  Japanese  clover  (Lespedeza)  has  often  been  observed  by  the  writer 
growing  on  soils  strongly  acid  to  litmus  and  the  roots  were  well  supplied  with 
nodules.  These  nodules  were  mostly  near  the  surface  of  the  soil.  Keller- 
man  and  Robinson  (22)  find  that  crimson  clover  inoculation  is  little  affected 
by  the  reaction  of  the  soil.  Fred  and  Graul  (10)  find  that,  if  acid  Colby  silt 
loam  soil  is  previously  inoculated  with  B.  radicicola,  nitrogen  fijcition  by  soy- 
beans is  little  influenced  by  applications  of  calcium  carbonate.  They  also 
find  this  true  on  acid  Colby  silt'loam  with  red  clover.  Both  clover  and  alfalfa 
were  able  to  fix  considerable  amounts  of  nitrogen  when  growing  on  Colby 
silt  loam  and  Plainfield  sand  haviag  only  one-half  of  their  acidity  (Tniog 
method)  neutralized.  The  Colby  silt  loam  required  10,400  and  the  Plain- 
field  sand  5200  pounds  of  calcium  carbonate  to  neutralize  one-half  of  the 
acidity  in  2,000,000  pounds  of  soil.  Determinations  of  the  lime  requirement 
(Veitch)  on  the  Colby  silt  loam  soil,  chosen  from  the  same  locality  the  year 
previous,  showed  a  need  of  3234  pounds  of  calciimi  carbonate  per  2,000,000 
pounds  of  soil.  The  authors  state  that  "the  Truog  method  shows  much  larger 
amounts  of  soil  acidity  than  the  Veitch." 

Ashby  (1)  shows  that  the  use  of  lime  on  the  Rothamsted  soils  more  than 
doubled  the  nitrogen-fixing  power  of  the  AzotobacUr.  Hoffman  and  Hammer 
(17)  find  that  calcium  carbonate  is  essential  to  non-symbiotic  nitrogen  fixa- 
tion, but  that  the  amount  required  is  very  minute  and  was  present  in 
sufficient  amount  in  all  the  soils  tested.  These  soils  were  chosen  from  various 
localities  in  Wisconsin  and  must  have  included  some  soils  acid  to  litmus,  since 
Whitson  and  Weir  (40)  estimate  that  two-thirds  of  the  soils  of  Wisconsin 
are  acid.  Christensen  and  Larsen  (4)  find  that  if  Ashby's  solution  is  inocula- 
lated  with  a  soil  in  need  of  lime,  the  brownish  film  usually  produced  by  AwUh 
bacter  does  not  develop.  They  suggest  this  as  a  method  of  determining  the 
need  of  a  soil  for  lime. 

Gimingham  (11)  describes  several  organisms  capable  of  bringing  about  the 
formation  of  carbonates  from  calcium  salts  of  organic  acids.  Hall  and  Miller 
(13)  also  report  that  calciiun  salts  of  organic  acids  are  transformed  to  the 
carbonate  by  soU  organisms,  the  organic  acids  being  decomposed  to  form  carbon 
dioxide  and  water.  Drew  (7)  shows  that  marine  bacteria  precipitate  calcium 
carbonate  from  sea  water.  He  names  the  organism  responsible  for  this  re- 
action. Bacillus  Calais,  Kellerman  and  Smith  (23)  write  that  it  is  possible 
in  the  laboratory  to  produce  calcium  carbonate  by  three  types  of  biological 
processes;  by  the  action  of  ammonium  carbonate  on  calcium  sulfate;  by  the 
action  of  ammonium  hydroxide  on  calcium  acid  carbonate,  and  by  the  de- 
composition of  calcium  salts  of  organic  acids.    They  state  that  Drew's  organ- 
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ism  is  Pseudomanas  calcis.  This  is  a  denitrif3^g  organism  which  produces 
ammonia  by  the  reduction  of  nitrates.  Bear  and  Salter  (2)  show  that  the 
lime  requirement  (Veitch)  of  the  West  Virginia  Agricultural  Experiment 
Station  fertility  plots  is  less  where  the  content  of  organic  matter  has  been 
increased,  and  suggest  that  this  decrease  may  have  been  due  to  the  precipita- 
tion of  calcium  from  solution  by  the  humus  in  thd  soil,  whereby  it  was  pre- 
vented from  being  lost  in  the  drainage  water.  This  calcium  might  later  be 
freed  as  the  carbonate,  as  the  decomposition  of  the  organic  matter  was  brought 
about  by  the  soil  organisms.  ^ 

OBJECT  OP  THESE  INVESTIGATIONS 

In  vif^w  of  the  fact  that  large  areas  of  land  are  acid  and  that  the  distance 
from  the  supply  of  lime  often  makes  the  cost  of  appl)ang  large  amounts  of 
lime  or  limestone  prohibitive,  it  was  thought  it  might  be  desirable  to  consider 
more  carefully  the  possibilities  of  a  system  of  acid  agriculture  as  suggested 
by  Coville  (6).  Since  the  problem  of  the  economy  of  nitrogen  and  its  availa- 
ability  for  the  use  of  crops  is  largely  a  bacterial  problem,  it  seemed  important 
to  study  the  relation  of  the  reactioh  of  the  soil  to  the  activities  of  the  bacteria 
concerned  in  nitrogen  accumulation  and  transformations.  Recognizing  the 
fact  that  plants  do  grow  on  soils  which  are  acid  to  litmus,  how  are  these  plants 
supplied  with  nitrogen?  We  know  that  lime  and  limestone  are  valuable  soil 
amendments,  but  might  it  not  be  possible  that  small  applications  of  these 
materials  would  be  relatively  more  eflFective  in  promoting  the  activities  of  the 
bacteria  concerned  in  the  nitrogen  problem  than  large  applications?  If  the 
B.  radicicola  of  some  legmnes  is  more  resistant  to  acidity  than  the  B.  radicicola 
growing  on  other  legmnes,  might  it  not  be  possible  to  select  legmnes  adapted 
to  the  reaction  of  the  soil  instead  of  adding  lime  to  the  soil  to  make  the  reaction 
suitable  for  the  legumes  we  desire  to  grow?  Even  if  nitrogen-fixing  organisms 
are  able  to  grow  in  add  soils,  are  they  able  to  fix  atmospheric  nitrogen  in  such 
an  environment?  To  answer  these  questions,  it  was  proposed  to  measure 
the  activities  of  th6se  bacteria  concerned  in  the  nitrogen  economy  of  plants 
as  influenced  by  various  amounts  of  calcium  carbonate  applied  to  acid  soils. 

DEFINITION  OP   "UME  REQUIREMENT" 

In  the  preceding  discussion,  a  rather  loose  construction  is  given  to  the  term 
"soil  aridity."  This  is  simply  in  accordance  with  precedents  set  by  the 
various  investigators  whose  work  is  reviewed.  As  a  rule,  an  "acid"  soil 
means  a  soil  which  changes  blue  litmus  paper  red.  The  "degree  of  aridity" 
of  soils  has  no  such  definite  meaning,  consequently  the  investigations  reported 
are  not  strictly  comparable.  The  writer  sees  no  reason  to  disagree  with  Truog 
(33)  as  to  what  "soil  acidity"  really  is.  Truog  writes  that  arid  silicates  are 
the  main  cause  of  soil  aridity  in  upland  soils.  His  excellent  review  o^  this 
subject  gives  a  select  bibliography  of  the  investigational  work  along  this 
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line.  Truog  (32)  also  writes  that  the  acidity  of  soils  may  be  conveniently 
divided  into  two  classes,  "active"  a;nd  "latent"  acidity.  He  states  that 
'latent"  acidity  is  undoubtedly  much  less  injurious  to  plants,  than  "active" 
acidity.  He  also  shows  the  desirability  of  knowing  the  "avidity"  of  the 
active  soil  acids.  Sharp  and  Hoagland  (30)  attempt  to  measure  the  lime 
requirement  of  soils  by  determining  the  hydrogen-ion  concentration  of  the 
soil  suspensions.  The  recent  review  of  Clark  and  Lubs  (5)  of  the  literature 
on  this  subject,  indicates  that  the  hydrogen-ion  concentration  of  the  medium 
is  the  important  factor  to  consider  in  the  relationship  between  acidity  and 
biological  processes.  The  hydrogen-ion  concentration  of  a  soil  in  suspension 
in  water  is,  however,  not  a  measure  of  the  amount  of  lime  necessary  to  add  to 
an  acid  soil  to  produce  a  neutral  reaction  of  the  soil.  This  is  partly  because 
of  the  slow  solubility  of  the  acid-forming  constituents  present  in  soils. 

At  the  time  this  investigation  was  begun,  most  of  the  recent  work  on  soil 
acidity  had  not  been  published.  The  writer  felt  at  that  time  that  the  most 
satisfactory  measure  of  the  "lime  requirement"  of  a  soil  was  that  obtained  by 
the  Veitch  (34)  method.  Accordingly,  this  method  was  used  in  determining 
the  quantitative  need  of  the  soils  used  for  lime.  It  is  interesting  to  note  in 
this  connection  that  when  the  two  soils  which  were  used  most  largely  in  these 
investigations  had  been  treated  with  the  quantity  of  calcium  carbonate  neces- 
sary to  satisfy  their  lime  requirements  (Veitch)  and  had  been  mixed  once  each 
week  for  12  weeks,  they  were  found  to  be  neutral  to  litmus  paper. 

raSTORY  OF  THE  SOILS  USED  IN  THESE  EXPERIMENTS 

A  large  part  of  the  work  reported  has  been  done  on  samples  of  soil  from  two 
different  locahties  belonging  to  different  soil  series.  Both  of  these  were  acid 
in  reaction,  as  will  be  shown  later. 

Soil  I  was  secured  from  plot  18  of  the  West  Virginia  Agricultural  Experi- 
ment Station  farm.  The  soil  is  classified  by  the  United  States  Bureau  of 
Soils  as  Dekalb  silt  loam.  It  is  a  residual  soil  which  has  been  formed  by  the 
disintegration  of  sandstone  and  greenish  gray  shales  overlying  the  Pittsburg 
coal.  The  original  timber  was  largely  oak  and  chestnut  with  an  occasional 
locust.    The  analysis  of  this  soil  is  as  follows: 

Etemeni  ZfiOOfiOOrf'sMl 

Nitrogen 1,940 

Phosphorus 600 

Potassium 25,100 

Carbon : 23,900 

Calcium 2,300 

Magnesium 4,300 

Calcium  carbonate  requirement  (Veitch) 3,500 

Plot  18  has  not  received  any  fertilizer,  liijie  or  manure  since  the  beginning 
of  the  fertilizer  tests  in  1900.    Orfly  a  partial  record  of  the  produce  of  this 
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plo^t  is  available.  During  a  part  of  the  time  since  1900  a  tile  drain,  which 
passed  near  this  plot,  was  not  working,  and,  since  the  yields  of  the  plot  were 
somewhat  abnormal,  no  permaneht  records  of  thie  plot  were  k^t.  Later  the 
record  of  the  produce  of  this  plot  was  continued.  This  record  shows  that 
plot  18  corresponds  normally  in  productivity  to  plot  21,  which  also  received 
no  fertilizer,  lime  or  manure.  Thte  sample  of  soil  was  chosen  from  plot  18 
because  its  record  was  incomplete  and  any  change  due  to  the  removal  of  a 
large  sample  of  soil  would  not  interfere  with  the  plot  experiments.  Since 
1900  the  following  crops  have  been  grown  on  these  plots;  rye,  1900  and  1907; 
wheat,  1901  and  1914;  clover,  1902, 1909,  and  1915;  com,  1903, 1905,  and  1912; 
cowpeas,  1904;  potatoes,  1906;  timothy,  1909,  1910,  and  1911,  and  oats,  1913. 
Tahile  ,1  gives  the  records  of  the  fertilizer  treatment  and  total  projduce  of  all 
the  plots  up  to  and  including  1915. 

TABLE  1 
Total  amounts  oj  fertilizers  applied  and  total  produce  per  acre  from  1900  to  1915  on  soil  I 


19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

34 
35 


TREATMENT 


N,  1>,  K,  CaO 

M,  CaO 

Check 

CaO 

AshM,  N 

Check 

M 

N,P,K 

Check 

P,K 

N 

Check 

N,  P 

K 

Check 

P 

N 


NITKATE 
OF  SODA 


4200 

300 

4200 

4200 
4200 

4200 


Acn> 

PHOSPHATE 


Pounds 
4200 


SULFATE 
OF  POTASH 


Pounds 
1625 


IXlfE 

(CaO) 


Pounds 
4500 
4500 


5500 
Ash  of  40  tons  of  manure  Until  1912 


tons 
210 


4200 
4200 

4200 

4200 


1625 

1625 
1^25 


1625 


190 


TOTAL 
PRODVCE 


120,605 

152,400 
38,600 
36,615 
39,270 
43,075 

13^,670. 

117,910 
42,170 
76,995 
52,215 
39,480 
95,940 
41,565 
36,845 
63,415 
41,195 


N,  indicates  nitrate  of  soda;  P,  acid  phosphate;  K,  sulfate  of  potash;  M,  manure. 

Soil  II  was  secured  from  the  Ohio  Agricultural  Experipient  Station  farm  at 
Wooster.  This  soil  is  classified  by  the  Bureau  of  Sdils  as  Wooster  silt  loam. 
It  has  been  formed  from  the  disintegration  of  sandstone  and  shales  of  the 
Mississippian  period,  imder  the  influence  of  glacial  action.  The  anal3^is  of 
the  soil  used  is  as  follows: 
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BUmmi  ZflOOfiOO^t^a 

Nitrogen 1,775 

Phosphorus 664 

Potassium 34,000 

Carbon 22,200 

Calcium 4,470 

Magnesium 6,596 

Calcium  carbonate  requirement  (Veitch) 3,500 

It  will  be  observed  that  soil  II  hs6  the  same  calcium-carbonate  requirement 
as  soil  I. 

Soil  II  has  iieve;r  received  any  fertilizer,  lime  or  manure  since  the  beginning 
of  the  fertilizer  te^ts  in  1893.  Continuous  records  since  that  time  li^ve  been 
kept  on  soil  6i  the  same  history  as  this  soil  in  a  5-year  rotation  egq)eriment 
at  the  Wooster  station.  The  rotation  has  been  com,  oats,  wheat,  clover,  and 
timothy.  A  summary  of  the  effect  of  lime  and  fertilizers  on  this  soil  is  given 
by  WiUiams  (41)  in  table  2.  An  experim^^  l^ts  ^Iso  been  in  progress  on  this 
same  type  of  soil  which  had  been  kept  in  a  fair  state  of  fertility  by  a  good 
rotation  and  an  occasional  application  of  manure  previous  to  the  beginning 
of  the  experiment.  The  rotation  since  practiced  has  beten  com,  oats,  and 
clover.  The  records  of  this  experiment  are  shown  in  table  3.  It  will  be  seen 
by  a  study  of  tables  2  and  3,  that  both  lime  and  acid  phosphate  are  very  effec- 
tive in  increasing  the  yields  of  the  crops  grown  in  these  two  rotations.  While 
lime  is  very  efficient,  it  seems  remarkable  that  such  large  yields  o^  these  crops 
can  be  produced  by  the  use  of  acid  phosphate  alone  on  a  soil  which  has  a 
calcium-carbonate  requirement  of  3500  poun(£  per  2,000,000  pounds  of  soil. 

The  other  samples  of  soil  used  in  these  experiments  were  Dekalb  soils  chosen 
from  various  localities  in  West  Virginia.  These  soils  vary  greatly  because 
of  differences  in  the  systems  of  management  they  have  undergone.  Analyses 
of  these  soils  are  shown  in  subsequent  tables. 

PLAN  OF  THESE  EXPERIMENTS 

Large  samples  of  soils,  acid  to  litmus,  were  secured,  sent  immediately  to 
the  laboratory,  made  to  pass  a  2-nmi.  sieve,  and  stored  in  large  galvanized 
iron  cans.  From  these  cans  soil  was  removed  as  needed.  Careful  analyses 
of  the  soils  were  made  for  the  total  amount  of  nitrogen,  phosphorus,  potassium, 
calcium,  magnesium,  and  carbon.  Lime-requirement  determinations  were 
made  by  the  Veitch  method  as  indicated  above.  Amounts  of  C.  P.  calcium 
carbonate  varying  from  250  pounds  to  40,000  poimds  per  2,000,000  pounds 
of  soil  were  added  to  the  so|ls.  A  study  was  made  of  the  effects  of  these 
applicatio'ns  on:  (a)  the  number  of  bacteria,  (b)  the  rate  of  ammonification, 
(c)  the  rate  of  nitrification,  (d)  the  fixation  of  nitrogen  by  non-symbiotic 
organisms,  and  (e)  the  development  of  B,  radicicola  of  the  soybean.  All 
analyses  were  made  according  to  the  methods  given  by  Bear  and  Salter  (3). 
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The  calcium  carbonate  .was  applied  and  mixed  thoroughly  with  the  soil, 
which  was  then  placed  in  l-gallon  stone  jars.  Enough  water  was  added  to 
the  soil  to  give  it  an  optimum  moisture  content.  Each  week  the  soil  was 
removed  from  the  jars  and  mixed  thoroughly  and  the  loss  of  moisture,  due  to 

TABLE  2 
The  effect  of  lime  on  the  yields  of  crops  on  soil  II 


2 

8 
11 

17 

18 
24 

26 

29 


TBZATIfBXrr 


Phosphorus* 

Phosphorus/  potassium 

Phosphorus*,  potassium,  ni- 
trogen  

All  three  with  less  nitrogen 
but  more  phosphorus* 

Barnyard  manure 

Same  as  17  but  nitrogen  in 
sulfate  of  ammonia 

Same  as  17  but  phosphorus 
in  bone  meal 

Same  as  17  but  phosphorus 
in  basic  slag 


Average  unfertilized 26.48  32.32 


YXXLO  PEK  ACI» 


Corn 
1900-1915 


& 


Ims. 
35.51 
43.95 

47.67 

47.23 
56.31 

46.23 

46.01 

46.27 


bus, 
42.32 
51.08 

55.12 

55.67 
61.68 

55.98 

51.17 

51.69 


lus. 
39.16 
42.62 

49.77 


Oats 
1901-1916 


a 

I 


bus, 
42.85 
46.38 

49.71 


48.21 
46.37 

47.77 


bus. 
21.48 
22.17 


51.8452.38|;27 
43.62 


44.93 
51.36 
46.81 
47.85 


Wheat 
1906-1916 


bus. 
25.17 
26.38 


31.27 


.32 
29.51 


24 

27.78 

2P.76 


B 


21443166 


31.86  2683 


30.85 
32.49 


7031 


26 
28.65 
28.93 


2^.19  32.08 12.74 16.09  1276  1841  25003069 


Gover 
1903-1916 


tbs. 
1848 


2680 


2139 
2945 
2981 


3388 


3598 


lbs. 
3058 
3125 

3445 


2492 
34484393 


3544 
3772 
3371 


Timothy 
1909-1916 


lbs. 
3810 
3881 

4124 


33644543 
4525  5531 

3111 

3504 

3741 


4409 
4585 
4306 


*  Phosphorus  in  the  form  of  acid  phosphate. 


TABLES 
The  effect  of  lime  and  acid  phosphate  on  soil  II 


Nofei^ilizer 

Calcium  oxide 

Ground  limestone. 
Acid  phosphate... . 


▲MOUNT 

CORN  9 

YEARS 

OATS  9  YEARS 

CLOVER 
8  YEARS 

PEK  ACRE 

Grain 

Stover 

Grain 

Straw 

Hay 

pounds 

Pounds 

pounds 

pounds 

pounds 

pounds 

51.50 

2759 

44.94 

1961 

4074 

1000 

57.33 

3149 

47.53 

2079 

4580 

1780 

54.84 

2820 

45.35 

1876 

4362 

320 

60.18 

3056 

46.16 

1912 

4277 

evaporation,  was  restored.  This  was  continued  for  12  weeks  in  order  that 
the  soil  microorganisms  should  have  time  to  adjust  themselves  to  the  changes 
in  soil  reaction.  At  the  end  of  that  time,  the  determinations  of  nitrifying 
power,  ammonifying  power,  etc.,  were  made.  These  determinations  required 
about  one-half  of  the  soil. 
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Since  the  analyses  showed  that  these  soils  were  very  deficient  in  total 
phosphorus,  a  thing  which  is  conunonly  true  of  acid  soils,  it  seemed  advisable 
to  apply  phosphorus  in  a  readily  available  form  in  order  to  remove  it  from  being 
a  possible  limiting  factor  in  the  various  bacterial  activities  studied.  Accord- 
ingly, 0.2  per  cent  of  mono-calcium  phosphate,  equivalent  to  1000  pounds  of 
phosphorus  per  2,000,000  pounds  of  soil,  was  added,  the  moisture  content  was 
again  restored,  and  the  mixing  was  continued  for  another  period  of  12  weeks. 
At  the  end  of  this  time,  the  above  determinations  were  repeated.  In  some  of 
the  later  experiments  the  calcium  carbonate  was  added  just  previous  to  the 
time  of  studying  the  rate  of  nitrification,  ammonification,  etc. 

THE  EFFECT  OF  CALCIUM  CARBONATE  ON  THE  NUMBER  OF  BACTERIA 

• 

Soils  I  and  II  were  used  in  these  experiments,  after  they  had  received  the 
various  applications  of  calcium  carbonate  and  had  been  mixed  thoroughly 
.each  week  for  12  weeks,  as  previously  outlined.  Plate  counts  of  the  number 
of  microorganisms  were  made  at  the  end  of  the  12- week  period.  After  the 
0.2  per  cent  of  mono-calcium  phosphate  had  been  added  and  mixed  with  the 
remainder  of  the  soil  each  week  for  a  second  12  weeks,  plate  counts  were  again 
made.  Aliquots  of  the  soil  suspension  were  plated  on  Heyden  agar.  The 
plates  were  incubated  at  room  temperature  and  counts  were  made  at  the  end 
of  6  days.  Table  4  shows  the  results'  of  these  counts.  Each  figure  represents 
the  average  of  four  plates. 

As  might  be  expected,  the  greatest  relative  change  in  the  number  of  bac- 
teria occurred  after  the  neutral  point  had  been  passed.    This  was  true  in 

TABLE  4 

The  effect  of  calcium  carbonate  on  the  number  of  bacteria 


i 

(StAM  OP  SOIL 

POUNDS  OF  SOIL 

Soil  I  without 
phosphorus 

Soil  I  with 
phosphorus 

Soil  II  without 
phosphorus 

Soil  U  with 
phosphorus 

founds 

0 

250 

500 

1,000 

2,000 

3,000 

3,341,000 
4,127,000 
3,537,000 
3,439,000 
3,930,000 
4,127,000 

4,150,000 
4,320,000 
3,540,000 
2,750,000 
2,520,000 
4,090,000 

3,503,000 
3,418,000 
4,614,000 
3,781,000 
4,472,000 
4,919,000 

3,438,000 
3,536,000 
4,421,000 
5,207,000 
5,781,000 
5,683,000 

Neutral  point  (Veitch  method) 


4,000 

4,422,000 

5,820,000 

7,348,000 

10,005,000 

5,000 

5,306,000 

7,700,000 

9,741,000 

17,392,000 

7,500 

5,601,000 

7,070,000 

15,827,000 

14,297,000 

10,000 

3,341,000 

6,680,000 

14,973,000 

7,959,000 

20,000 

6,682,000 

10,750,000 

14,892,000 

3,635,000 

40,000 

9,335,000 

13,050,000 

18,199,000 

9,826,000 
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both  soils,  as  shown  in  figure  1.  The  4000  and  5000-pound  applications  of 
calcium  carbonate  resulted  in  relatively  large  increases  in  numbers.  Additions 
of  calcium  carbonate  in  excess  of  7500  pounds  per  2,000,000  poimds  of  soil 
gave  somewhat  uncertain  results.  There  was  a  decrease  in  every  case  ac- 
companying an  application  of  10,000  pounds  as  compared  with  7500  pounds 
of  calcium  carbonate.  The  20,000  and  40,000-pound  applications  brought 
about  marked  increases  in  numbers.  These  fluctuations  were  probably  due 
to  the  adjustment  of  the  soil  reaction  to  the  point  where  it  was  more  suitable 
to  the  requirem^ts  of  some  forms  which  developed  in  vast  numbers  under  this 
optimum  soil  reaction.  It  seems  quite  evident  that  the  appUcation  of  calciiun 
carbonate  caused  decided  changes  in  the  number  of  bacteria  in  these  soils. 
The  maximum  increases  in  numbers  had  apparently  not  been  reached  in  three 
of  the  four  cases  by  applications  of  40,000  pounds  of  calcium  carbonate  per 
2,000,000  pounds  of  soil.  Similar  trials  with  calcium  oxide  produced  marked 
decreases  in  the  number  of  bacteria  in  these  soils  following  the  larger  appli- 
cations. This  was  probably  due  to  the  partial  sterilizing  action  of  calcium 
oxide  previously  referred  to. 

THE  EFFECT  OF  CALCIUM  CARBONATE  ON  THE  RATE  OF  AMMONIFICATION 

Soils  I  and  II,  after  the  treatments  with  calcium  carbonate  and  mono- 
calcium  phosphate  previously  referred  to,  were  used  in  the  experiments  on 
ammonification.  The  source  of  nitrogen  was  Hammarsten's  casein.  Enough 
casein  was  added  to  supply  160  mgm.  of  nitrogen  per  100  gm.  of  soil.  The 
soil  was  then  given  an  optimum  moisture  content  and  incubated  in  tiunblers 
for  3  days  at  room  temperature,  after  which  analyses  were  made  for  ammonia 
by  distillation  with  magnesium  oxide.  Each  figure  given  in  table  5  represents 
the  average  of  two  determinations  which  checked  usually  within  less  than 
1  mgm.  per  100  gm.  of  soil.  Other  determinations,  not  reported  in  this  paper, 
were  made  in  which  only  40  mgm.  of  nitrogen  were  added,  with  very  satis- 
factory results.  The  author  believes  that  160  mgm.  of  nitrogen  per  100  gm. 
of  soil  are  likely  to  produce  abnormal  conditions  in  a  soil,  although  in  most  of 
the  ammonification  experiments  reported  in  the  literature  even  larger  amounts 
of  nitrogen  were  suppUed. 

The  greatest  relative  increase  in  the  rate  of  ammonification  of  casein,  per 
unit  of  calcium  carbonate  applied,  occurred  with  applications  of  2000  pounds 
of  calcium  carbonate  per  2,000,000  pounds  of  soil,  as  shown  in  figure  2.  There 
was  no  marked  increase  in  ammonification  as  the  neutral  point  was  passed. 
As  previously  shown,  this  was  also  the  case  in  the  number  of  bacteria.  Appli- 
cations of  250  pounds  of  calcium  carbonate  per  2,000,000  pounds  of  soil  had  a 
tendency  to  cause  a  decrease  in  the  rate  of  ammonification.  Applications  of 
calcium  carbonate  in  excess  of  5000  pounds  caused  only  a  slight  increase 
in  the  amount  of  ammonia  produced.  The  20,000  and  40,000-pound 
applications  caused  slight  decreases  in  ammonia  in  several  cases.     There  was 


Digitized  by 


Google 


444 


FIRMAN  £.  BEAR 


apparently  no  definite  correlation  between  the  number  of  bacteria  and  the 
amount  of  ammonia  produced,  although  in  general,  increased  amounts  of 
calcium  carbonate  resulted  in  larger  numbers  of  bacteria  and  more  rapid 
ammonification. 

THE  EFFECT  OF  CALCIUM  CARBONATE  ON  THE  RATE  OF  NITRIFICATION 

The  effect  of  calcium  carbonate  on  the  rate  of  nitrification  in  soils  I  and  II 
is  shown  in  table  6.    All  figures  in  this  and  in  succeeding  tables  of  nitrification 

TABLE  5 
The  effect  of  calcium  carbonate  on  the  rale  of  ammonification  of  casein* 


CALQUM 

NXTROGEM  AS  AMMONIA  PER   100  GM.  OF  800. 

CARBONATE  PER 
2.000,000 

POUNDS  OF  son. 

Soil  I 

without 

pliospborus 

Soil  I  with 
phosphorus 

Soil  lit 

without 

phosphorus 

Soil  II 

without 
phosphorus 

SoUIIwith 
pho^horus 

Sou  n  with 
phospborus 

pounds 

0 

250 

500 

1,000 

2,000 

3,000 

mem. 
72.40 
71.00 
72.80 
75.40 
78.50 
79.00 

mm. 
60.70 
61.00 
59.60 
62.40 
68.00 
70.00 

mgrn. 
38.85 
40.25 
45.36 
48.02 
57.54 
56.00 

mgm. 
22.89 
22.05 
29.05 
29.40 
41.65 
44.59 

mgm. 
29.51 
25.55 
28.00 
28.63 
43.40 
45.36 

mc». 
39.20 
37.38 
37.80 
44.31 
55.44 
57.75 

Neutral  point  (Veitch 

method) 

4,000 

78.40 

70.60 

60.41 

45.85 

56.84 

63.00 

5,000 

76.30 

70,80 

67.27 

57.12 

64.61 

71.54 

7,500 

85.30 

74.80 

71.40 

57.05 

52.29 

67.97 

10,000 

83.60 

74.80 

74.48 

62.79 

63.07 

71.61 

20,000 

85.40 

77.80 

77.40 

60.76 

55.27 

68.81 

40,000 

87.50 

77.60 

77.42 

61.25 

51.61 

59.36 

*  The  results  in  each  vertical  column  were  obtained  on  the  same  day.  Fluctuations  in 
the  temperature  in  the  room  are  responsible  for  some  of  the  differences  observed  in  horizootaJ 
columns. 

t  Four-day  periods  of  incubation. 

represent  averages  of  two  determinations.  As  a  rule,  the  duplicates  agreed 
within  less  than  0.1  mgm.  per  100  gm.  of  soil.  Accordingly,  only  averages 
are  reported. 

These  soils  were  treated  with  calcium  carbonate  in  var)dng  amounts  and 
with  mono-calcium  phosphate  as  previously  outlined.  At  the  end  of  the  12- 
week  periods,  samples  of  these  soils  of  100  gm.  each  were  placed  in  1000-cc 
Erlenmeyer  flasks  for  the  nitrification  experiments.  To  each  flask  were 
added  20  mgm.  of  nitrogen  in  the  form  of  either  ammonium  sulfate  or  ammo- 
nium carbonate.  After  adding  water  to  the  optimum  content,  the  soils  were 
incubated  for  21  days  at  room  temperature,  after  which  the  nitrate  determina- 
tions were  made  by  the  phenol-disulphonic  acid  method. 
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A  study  of  table  6  and  figure  3  shows  that  the  addition  of  calcium  carbonate 
is  followed  by  an  increased  nitrification  which  correlates  almost  directly  with 
the  increased  application  of  calcium  carbonate.  This  correlation  holds  fairly 
well  in  every  case  with  applications  up  to  5000  pounds  per  2,000,000  pounds 
of  soil.  There  is  no  sudden  break  in  the  correlation  as  the  neutral  point  is 
passed.  Applications  of  calcium  carbonate  in  excess  of  5000  pounds  are 
foUowed  by  increased  nitrification,  although  the  curve  of  increase  begins  to 
incline  more  toward  the  horizontal.  In  half  of  the  experiments  the  curve 
was  still  ascending  with  applications  of  40,000  pounds  of  calcium  carbonate. 

TABLE  6 
The  effect  of  calcium  carbonaie  on  the  rate  of  nitrification 


NmOGXN  AS  NirSATE  FBR  100  OM.  OP  SOIL 

ATX  FBR 

Source  of  nitrogen, 

I  sulfate 

Source  of  nitrogen,  ammonium  carbonate. 

OP  son, 

Soill* 
without 

phonis 

Soil  I 
with   . 

phorus 

Soil  U 

without 

pbos* 

phorus 

Soil  II 
with 
phos- 
phorus 

Soil  I 
without 

phos- 
phorus 

Soil  I 
with 
phos- 
phorus 

Soil  n 

without 
phos- 
phorus 

Soil  II 
with 
phos- 
phorus 

pounds 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

0 

1.08 

4.06 

5.28 

6.07 

1.38 

7.22 

5.29 

7.50 

250 

1.38 

4.32 

4,39 

5.34 

1.93 

8.24 

5.00 

8.00 

500 

1.43 

4.60 

4.40 

6.38 

2.11 

8.42 

5.42 

8.40 

1,000 

1.82 

5,2^ 

6.15 

6.75 

2.21 

9.52 

6.60 

8.55 

2,000 

2.29 

6.38 

8.50 

8.73 

3.01 

12.42 

9.03 

11.55 

3,000 

2.96 

9.34 

10.48 

.10.43 

3.55 

15.30 

10.04 

12.50 

' 

Neutral  point  (Veitch  method) 

4,000 

3.13 

11.92 

15.74 

12.50 

3.28 

17.50 

11.87 

15.12 

5,000 

3.44 

13.86 

15.96 

15.00 

4.11 

18.00 

15.77 

18.75 

7,500 

3.48 

16.37 

18.18 

15.38 

4.69 

19.00 

17.27 

16.35 

10,000 

4.44 

19.35 

20.98 

15.98 

4.30 

20.00 

20.30 

16.16 

20,000 

4.00 

20.45 

22.87 

16.00 

4.32 

20.96 

19.80 

16.00 

40,000 

4.20 

22.55 

19.88 

15.00 

5.18 

23.30 

20.57 

15.00 

*  An  error  was  made  in  calculating  the  optimum  moisture  content  and  the  soil  in  this 
experiment  was  too  dry. 


This  is  directly  contrary  to  the  work  of  Scales  previously  referred  to,  which 
indicated  that  50  per  cent  of  the  amount  of  calcium  carbonate  necessary 
to  supply  the  lime  requirement  of  the  soil  is  sufficient  to  attain  the  maxi- 
mum rate  of  nitrification.  Additional  amounts  are  reported  to  have  acted 
injuriously. 

The  marked  increase  in  the  rate  of  ammonification  observed  with  the 
addition  of  2000  pounds  as  compared  to  1000  pounds  of  calcium  carbonate  per 
2,000,000  pounds  of  soil  was  not  followed  by  a  coresponding  increase  in  the 
nitrification.  No  correlation  was  found  between  the  increased  number  of 
bacteria  in  the  soil  and  the  rate  of  nitrification  except  that  in  general  the 
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application  of  increased  amounts  of  calcium  carbonate  caused  an  upward 
tendency  in  the  number  of  bacteria,  as  well  as  in  the  rate  of  nitrification. 
Since  the  agar  plate  method  is  not  designed  to  include  the  nitrifying  bacteria, 
no  data  are  available  as  to  the  actual  number  of  nitrifying  organisms  which 
were  present  in  the  soils  following  the  applications  of  varying  amounts  of 
calcium  carbonate. 

EFFECT   OF   CALCIUM   CARBONATE    ON    THE    RATE    OF    NITROGEN   FIXATION   BY 
NON-SYMBIOTIC  SOIL  ORGANISMS 

Samples  I  and  II  were  employed  again  in  these  experiments  after  they 
had  been  treated  as  previously  described.  ShaUow  dishes  having  a  depth  of 
about  3  inches  and  a  capacity  of  400  gm.  of  soil  were  used  for  this  work.     Soil 

TABLE? 
The  efect  of  calcium  carbonate  on  nitrogen  fixation  by  non-symbiotic  soil  organisms 


CALCIUM  CASBOKATE  PER 

NITROOBN  FIXED  PES  100  QU.  OF  SOQ. 

2,000.000 

POUNDS  OF  son. 

Soil  I  without  phosphorus 

Soil  II  without  phosphorus 

Soil  n  with  pbosphoras 

pounds 

mgm. 

mgm. 

mgm. 

0 

0.7 

0.3 

2.0 

250 

0.3 

0.8 

3.6 

500 

0.5 

0.8 

3.6 

1,000 

1.0 

0.6 

4.6 

2,000 

0.7 

1.4 

3.8 

3,000 

0.5 

2.3 

11.3 

Neutral  point  (Veitch  method) 


4,000 

0.1 

2.8 

12.2 

5,000 

1.8 

4.1 

12.7 

7,500 

2.0 

6.0 

15.8 

10,000 

1.5 

5.8 

10.1 

20,000 

2.1 

4.5 

12.6 

40,000 

1.4 

4.4 

99 

from  the  various  pots  to  which  the  calcium  carbonate  and  mono-calcium 
phosphate  had  been  applied  was  placed  in  the  dishes  and  mixed  thoroughly 
with  2  per  cent  of  mannit.  Optimum  moisture  conditions  were  secured  and 
maintained  as  nearly  as  possible  by  adding  water  twice  daily  to  restore  that 
lost  by  evaporation.  The  soils  were  incubated  21  days  at  room  temperature. 
After  thorough  drying,  the  entire  samples  were  pulverized  to  pass  a  100-mesh 
sieve  and  the  total  nitrogen  was  determined  in  triplicate.  The  triplicates 
agreed  usually  within  0.05  mgm.  of  nitrogen  on  10-gm.  samples. 

From  a  study  of  table  7,  it  appears  evident  that  both  calcium  carbonate 
and  mono-calcium  phosphate  were  essential  to  the  highest  fixation  of  nitrogen. 
The  mono-calcium  phosphate  had  such  a  marked  effect  in  increasing  the  nitro- 
gen-fixing power  of  soil  II,  as  shown  in  figure  4,  that  it  would  seem  that  phos- 
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phorus  was  equally  as  important  as  lime  for  the  nitrogen-fixing  organisms  in 
this  soil.  The  largest  relative  increase  in  nitrogen  fixation  foUowed  an  apphca- 
tion  of  3000  pounds  of  calcium  carbonate  per  2,000,000  of  soil  when  accom- 
panied by  the  use  of  mono-calcium  phosphate.  Heavier  applications  of 
calcium  carbonate  caused  an  increase  in  nitrogen  fixation  until  as  much  as 
10,000  pounds  per  2,000,000  pounds  of  soil  had  been  applied.  This  amount 
and  heavier  applications  caused  a  decrease  in  nitrogen  fixation.  Apparently 
phosphorus  was  a  limiting  factor  in  nitrogen  fixation  in  soil  I,  although  time 
did  not  permit  an  experimental  test  of  this  point.  The  good  effects  resulting 
from  the  use  of  acid  pHosphate  on  these  soUs  under  field  conditions  may  be 
due  in  part  to  this  increased  nitrogen  fixation  accompanying  its  use.  This 
again  is  indicated  by  the  analyses  of  the  West  Virginia  Station  fertility  plots 
from  which  the  author  and  others  have  shown  that  the  plot  receiving  acid 
phosphate  and  sulfate  of  potash  has  accumulated  1173  poimds  of  nitrogen 
per  acre  during  the  last  15  years  which  could  not  be  accounted  for  except  by 
nitrogen  fixation  from  the  air.  The  evidence  shown  in  table  7  indicates  that 
calcium  carbonate  is  necessary  in  addition  to  the  phosphorus  for  the  most 
effective  nitrogen  fixation. 

FoUowing  the  suggestion  of  Christensen  and  Larsen  (4),  soil  from  each  of 
the  pots  to  .which  var3dng  amounts  of  calcium  carbonate  had  been  applied, 
was  used  to  inoculate  Ashby's  solution  in  order  to  study  the  relation  between 
the  film  development  on  the  surface  of  the  liquid  and  the  lime  requirement  of 
the  soU.  The  brownish  film  was  very  well  developed  in  the  flasks  inoculated 
with  soil  which  contained  an  amount  of  calcium  carbonate  in  excess  of  the 
requirement  of  the  soil  and  practically  disappeared  as  the  quantity  of  calcium 
carbonate  applied  was  reduced  below  the  amount  necessary  to  satisfy  the 
requirement  of  the  soil.  The  development  of  brown  pigment  is  apparently 
closely  related  to  the  amount  of  lime  in  the  soil  and  may  be  used  as  an  index 
of  the  need  of  lime,  by  the  soil.  Other  experiments  which  will  be  discussed 
later  indicated,  however,  that  nitrogen  fixation  in  Ashby's  solution  may  take 
place  when  the  solution  is  inoculated  with  soils  having  calcium-carbonate 
requirements  as  high  as  4600  pounds  per  2,000,000  pounds  of  soil.  Apparently, 
the  lack  of  development  of  the  brownish  film  is  not  accompanied  by  the  loss 
of  ability  to  fix  nitrogen,  since  no  soU  was  found  which  did  not  show  nitrogen 
fixation  when  inoculated  into  Ashby's  solution  and  allowed  to  stand  for 
21  days  at  room  temperature. 

THE  EFFECT  OF  CALCIUM  CARBONATE  ON  THE  FIXATION  OF  NITROGEN  BY  B. 
RADICICOLA  OF  THE  SOYBEAN   (SOJA  MAX  PIPER) 

Soils  I  and  II  were  again  used  in  these  experiments.  One-gallon  pots  were 
filled  with  these  soils  and  the  calcium  carbonate  was  added.  Each  pot  re- 
ceived an  application  of  0.2  per  cent  of  mono-calcium  phosphate.  The  pots 
were  planted  to  soybeans,  the  beans  having  been  previously  inoculated  with 
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B,  radicicola.  Six  beans  were  planted  in  each  pot  and  later  thinned  to  three 
per  pot.  After  the  beans  had  reached  the  stage  where  pods  were  formed, 
they  were  harvested,  and  records  were  taken  of  their  green  and  dry  weight, 
the  number  of  nodules,  the  dry  weight  of  nodules  and  the  milligrams  of  nitrogen 
in  the  roots,  tops  and  nodules.  One  crop  was  harvested  from  each  pot  dunng 
the  summer  of  1915  and  another  crop  during  the  smnmer  of  1916.  The  records 
are  shown  in  tables  8  and  9. 

The  niunber  of  nodules  had  a  tendency  to  increase  slightly  with  small  appli- 
cations of  calcium  carbonate.  Applications  of  more  than  3000  pounds  of  calcium 
carbonate  per  2,000,000  of  soil  caused  a  decrease  in  the  number  of  nodules. 
This  decrease  was  proportional  to  the  amount  of  calcium  carbonate  applied. 
The  dry  weight  of  nodules  was  also  decreased  with  large  applications  of  cral- 
cium  carbonate.  The  rate  of  decrease  in  dry  weight  of  nodules  with  increased 
amounts  of  calcium  carbonate  was  more  marked  than  the  rate  of  decrease 
in  the  number  of  nodules.  The  amount  of  nitrogen  in  the  nodules  was  almost 
directly  correlated  with  the  dry  weignt  of  nodules,  and  decreased  with  addi- 
tional quantities  of  calcimn  carbonate.  It  will  be  noticed  that  in  both  cases 
the  dry  weight  and  total  nitrogen  of  both  stems  and  roots  had  a  tendency 
to  increase  with  small  applications  of  calcium  carbonate,  but  that  applications 
in  excess  of  2000  pounds  per  2,000,000  of  soil  had  a  tendency  to  cause  a  de- 
crease in  dry  weight  and  total  nitrogen  of  the  stems  and  roots. 

The  total  nitrogen  fixed  by  soils  I  and  II  during  the  two  years  in  which  the 
two  crops  of  soybeans  were  grown  was  determined.  Analyses  of  the  soil 
were  made  before  and  after  the  beans  were  grown.  The  difference  in  the 
nitrogen  content  of  the  soil  at  these  two  periods  plus  the  nitrogen  removed 
in  the  nodules,  stems  and  roots,  after  subtracting  the  nitrogen  content  of  the 
seed  and  water  used  in  watering  the  plants,  represents  the  nitrogen  secured 
from  the  air. 

The  total  nitrogen  fixed  in  two  years  per  2,000,000  pounds  of  soil,  as  shown 
in  the  last  columns  of  tables  8  and  9,  indicate  that  soil  II  has  had  a  more  active 
nitrogen-fixing  flora  than  soil  I.  In  so  far  as  the  chemical  composition  is 
concerned,  the  two  soils  correspond  fairly  well,  as  will  be  found  by  referring 
to  the  analyses  of  these  two  soils  previously  shown.  By  referring  again  to 
table  7,  showing  the  rate  of  nitrogen  fixation  by  Azotobacter,  it  will  be  seen 
that  soil  II  was  much  more  active  in  this  respect  than  soil  I.  It  is  possible 
that  a  greater  part  of  the  nitrogen  accumulated  in  soil  II  during  the  growing 
of  the  legumes  was  fixed  in  the  soil  through  the  agency  of  the  non-symbiotic 
organisms.  The  nitrogen  fixation  had  a  tendency  to  decrease  with  applica- 
tions of  calcium  carbonate  in  excess  of  2000  pounds  per  2,000,000  pounds  of 
soil,  although  the  lime  requirement  of  both  soils  indicated  a  need  of  3500 
pounds.  Apparently,  with  increased  applications  of  calcium  carbonate  the 
rate  of  nitrification  was  so  high,  as  indicated  in  table  6,  that  the  soybeans  were 
able  to  secure  a  greater  part  of  their  nitrogen  in  the  form  of  nitrates.  Large 
numbers  of  B,  radicicola  were  present  in  all  the  pots  whether  treated  with 
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TABLES 
The  effect  of  calcium  carbonate  on  nitrogen  fixation  by  B.  radicicola  of  the  soybean  in  soil  I 


CALCIUM 

CASBONATX 

PER 

2.000.000 
POUNDS  0» 

son. 

NUMBER 

NODDLES 

STEMS 

ROOTS 

SOIL 

vert 

weight 

Total 
nitro- 
gen 

weil^t 

Total 
nitro- 
gen 

Diy 

weight 

Total 
nitro- 
gen 

Nitro- 
gen in 
be^n- 
nmg 
per  pot 

Nitro- 
gen at 
end  per 
pot 

Nitrogen 
fixed  per 
2.000.000 
pounds  of 

80U 

1 

2 
3 
5 
6 

pounds 

0 

250 

500 

2,000 

3,000 

113 
67 

88 

100 

72 

mgm. 
653 
887 
749 

1017 
560 

mgm. 
31 
39 
33 
47 
27 

grams 
13.2 
14.2 
14.3 
17.3 
14.9 

mgm. 
348 

377 
368 
464 
303 

grams 
4.3 
5.1 
4.4 
3.7 
3.4 

mgm. 
40 
42 
39 
35 
38 

grams 
3.0009 
3.0039 
3.0039 
3.0039 
3.0039 

grams 
2.8985 
2.8675 
2.8985 
2.8272 
2.7900 

Poumls 

93 

98 

107 

130 

+8 

Neutral  point  (Veitch  metho 

d) 

7 

4,000 

65 

317 

16 

11.9 

342 

2.9 

37 

3.0039 

2.7683 

-6 

8 

5,000 

79 

537 

26 

14.1 

363 

3.6 

39 

3.0039 

2.8923 

94 

9 

7,500 

84 

464 

22 

13.9 

426 

3.8 

46 

3.0039 

2.7218 

23' 

10 

10,000 

66 

212 

11 

11.2 

342 

3.6 

52 

3.0039 

2.6660 

-60 

11 

20,000 

45 

220 

13 

10.3 

298 

5.1 

58 

3.0039 

2.6815 

-87 

12 

40,000 

57 

221 

13    , 

f2.2 

383 

3.4 

50 

3.0039 

2.6505 

-56 

0.1727  gm.  of  nitrogen  in  the  soybeans  planted. 

0.0043  f^.  of  nitrogen  in  the  water  used  in  watering  the  soybeans. 

TABLE  9 
The  effect  of  calcium  carbonate  on  nitrogen  fixation  by  B.  radicicola  of  the  soybean  in  soil  II 


CAT/TTOM 
CARBONATE 

2,000^00 
POUNDS  OP 

son. 

NUMBER 

NODULES 

STEMS 

ROOTS 

son. 

POT 

Dry 

weight 

Total 
nitro- 
gen 

Dry 
weight 

ToUl 
nitro- 
gen 

weiSt 

Total 
nitro- 
gen 

Nitro- 
gen in 
begin- 
ning 
per  pot 

Nitro- 
gen at 
end  per 
pot 

Nitrogen 
fixed  per 
2,000.000 
pounda  of 
soU 

1 

3 
6 

pounds 
0 
500 
3,000 

79 

75 
148 

mgm. 
781 
744 
577 

38 
37 
29 

grams 
14.8 
15.2 
13.5 

mgm. 
394 
440 
371 

grams 
4.1 
4.0 
4.7 

mgm. 
46 
42 
45 

grams 
2.6181 
2.6181 
2.6181 

grams 
3.2008 
3.1860 
3.1418 

Pounds 
570 
587 
511 

Neutral  point  (Veitch  method) 


8 

5,000 

71 

330 

18 

12.3 

338 

3.2 

41 

2.6m 

3.1358 

476 

9 

7,500 

85- 

251 

13 

12.7 

370 

3.8 

45 

2.6181 

3.1270 

490 

10 

10,000 

66 

207 

12 

11.8 

335 

S.S 

57 

2.6181 

3.0238 

408 

11 

20,000 

54 

124 

5 

11.5 

341 

4.0 

68 

2.6181 

2.9648 

377 

12 

40,000 

33 

126 

7 

14.4 

393 

3.0 

40 

2.6181 

2.9205 

265 

0.1727  gm.  of  nitrogen  in  the  soybeans  planted. 

0.0043  gm.  of  nitrogen  in  the  water  used  in  watering  the  soybeans. 
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calcium  carbonate  or  not,  although  quantitative  determinations  were  not 
made  of  their  numbers. 

THE  EFFECT  OF  CALCITTM  CARBONATE  ON  SOYBEANS  UNDER  FIELD  CONDITIONS 


In  order  to  determine  whether  soybean  3delds  are  increased  by  the  use  of 
caldum  carbonate  on  soil  I  under  field  conditions,  it  was  decided  to  grow 
soybeans  on  the  fertility  plots  of  the  station  farm  during  the  summer  of  1916. 
Three  varieties  of  soybeans  were  sown  in  rows  across  the  plots  and  cultivated 
during  the  growing  season.  One-half  of  each  plot  received  an  application  of 
caldum  carbonate  at  the  rate  of  2  tons  per  acre  in  the  form  of  ground  lime- 
stone. The  yields  of  hay  produced  are  given  in  table  10.  The  previous  crop 
records  and  the  analyses  of  the  soils  of  these  plots  are  given  in  tables  1  and  11. 

TABLE  10 
Effect  of  ground  limestone  on  yield  of  soybean  hay  on  soil  t 


19 
20 
21 
22 
26 
26 
28 
29 
31 
32 
34 
35 


N,  P,  K,  CaO. 

M,CaO 

Check 

CaO 

M 

N,P,K 

P,K 

N,K 

N,P 

K 

P 

N 


CALaUM- 
CASBOMAIB 

sBQunLuaorT 
m  2,000.000 

POUMZM 


0 
0 
2800 
0 
2800 
3200 
3600 
3400 
3200 
3600 
3400 
3400 


Averages. 


yiEii)  or  HAY  not  acre 


No  limestone 


Pounds 
5270 
6390 
1605 
1920 
7150 
5300 
2820 
1285 
3375 
1495 
3285 
1220 


3426 


LimeBtone 


5400 
6850 
1400 
2430 
7360 
5370 
4690 
2280 
4460 
1995 
4105 
1705 


4004 


IliO.'KASIt  WITH 


+2 

+7 

-13 

+26 

+3 

+1 

+66 

+77 

+32 

+34 

+25 

+40 


+17 


From  a  study  of  the  plots  and  the  crop  records,  it  would  seem  that  the  use 
of  2  tons  of  limestone  per  acre  did  not  give  sufficient  increase  in  yield  to  justify 
the  conclusion  that  soybeans  will  not  grow  weU  except  on  soils  which  have 
had  their  lime  requirement  satisfied.  On  plots  25  and  26,  the  soils  of  both  of 
which  have  rather  high  calcium-carbonate  requirements,  but  which  also  contain 
a  fairly  high  content  of  nitrogen,  the  yield  of  soybeans  was  little  affected  by 
the  limestone.  This  might  mean  that  more  nitrogen  was  secured  from  the 
•  soil  on  these  plots  and  for  this  reason  the  crop  was  larger.  However,  the 
nodules  were  plentiful  on  the  roots  of  the  soybeans  on  plots  25  and  26  and, 
therefore,  we  could  assume  that  nitrogen  fixation  from  the  air  was  taking  place. 
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EFFECT  OF  CALCIUM  CARBONATE  ON   THE   BACTERIAL  ACTIVITIES  OF   DEKALB 
SOILS  HAVING  VARYING  LIME  REQUIREMENTS 

A  large  number  of  samples  of  acid  soils  all  belonging  to  the  Dekalb  series 
were  chosen  from  various  parts  of  West  Virginia  and  sent  to  the  laboratory. 
From  this  number  12  samples  were  chosen  which  had  calcium-carbonate 
requirements  varying  from  400  to  4600  pounds  per  2,000,000  pounds  of  soil. 
The  analyses  of  these  soils  are  shown  in  table  11.  These  soils  differ  mostly 
because  of  the  different  systems  of  management  practiced  by  the  men  who 
have  farmed  them  since  the  areas  from  which  the  samples  were  chosen  were 
cleared  from  the  forest.  Many  of  these  areas  had  been  farmed  for  from 
seventy-five  to  one-hundred  years  and  others  had  not  been  farmed  for  more 
than  a  few  years. 

TABLE  11 
Analyses  of  soils  of  table  12 


POUNDS  PES  2,000,000  POUNDS  OF  SOU. 

SAUPU 

Nitiogen 

Pbosphonis 

Carbon 

Calcium-carbonate 
requirement 

Pounds 

pounds 

Pounds 

pounds 

III 

3870 

1203 

41,420 

400 

IV 

1904 

586 

21,790 

1000 

V 

1669 

680 

17,600 

1200 

VI 

3374 

697 

47,230 

1400 

VII 

3142 

902 

32,140 

1600 

VIII 

2042 

1216 

20,280 

2000 

IX 

2602 

662 

32,450 

2200 

X 

4142 

1135 

48,680 

2600 

XI 

33g4 

660 

39,490 

2800 

XII 

2750 

706 

32,140 

3200 

XIII 

1960 

608 

21,900   . 

3800 

XIV 

3124 

753 

48,280 

4600 

The  rates  of  nitrification,  ammonification,  and  nitrogen  fixation  were  studied 
in  an  attempt  to  determine  whether  there  was  any  relation  between  the  activi- 
ties of  the  soil  organisms  and  the  calcium-carbonate  requirements  of  these 
soils. 

In  nitrification  studies  100  gm.  of  soil  to  which  varying  amounts  of  calcium 
carbonate  had  been  added  were  placed  in  1000-cc.  Erlenmeyer  flasks  and 
incubated  with  optimum  moisture  content  at  room  temperature  for  21  days, 
using  ammonium  sulfate  as  the  source  of  nitrogen,  adding  a  sufficient  amount 
to  supply  20  mgm.  of  nitrogen  per  100  gm.  of  soil.  In  ammonification  studies 
100-gm.  samples  of  soil  were  used  and  varying  amounts  of  calcium  carbonate 
were  added  as  in  the  nitrification  tests.  Casein  was  used  as  the  source  of 
nitrogen,  160  mgm.  of  nitrogen  being  added  to  100  gm.  of  soil.  The  soil  was 
incubated  in  tumblers  at  optimum  moisture  content  for  3  days  and  the  am- 
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monia  determined  by  distillation  with  magnesium  oxide.  Nitrogen-fixation 
tests  were  carried  on  by  placing  10  gm.  of  soil  in  100  cc.  of  Ashby's  solution  in 
800-cc.  Kjeldahl  flasks  for  a  period  of  21  days  at  room  temperature.  To 
one  set  of  flasks  enough  calcium-K:arbonate  was  added  to  be  equivalent  to 
10,000  pounds  per  2,000,000  pounds  of  soil.  At  the  end  of  21  days  the  total 
nitrogen  was  determined.  All  of  the  determinations  on  nitrification,  ammoni- 
fication,  and  nitrogen  fixation  were  performed  in  duplicate  and  these  dupli- 
1::ates  as  a  rule  checked  very  closely.  The  results  of  these  experiments  are 
tabulated  in  table  12. 

In  general  the  highest  rates  of  ammonification  occurred  with  soils  having 
the  lowest  calcium-carbonate  requirements.  The  applications  of  2000  pounds 
and  5000  pounds  of  calcium-carbonate  brought  about  marked  increased  in 
the  rate  of  ammonification.  Applications  of  10,000  pounds  of  calcium  car- 
bonate per  2,000,000  pounds  of  soil  caused  a  decreased  ammonification  except 
in  soils  XIII  and  XIV,  which  had  calciimi-carbonate  requirements  of  3800 
and  4600  pounds,  respectively.  Apparently  the  application  of  10,000  pounds 
of  calcium  carbonate  per  2,000,000  of  soil  on  soils  having  calcium-carbonate 
requirements  of  less  than  3800  pounds  is  injurious  to  ammonifying  organisms. 

There  was  no  very  definite  correlation  between  the  rate  of  nitrification  of 
ammonium  sulfate  and  the  calciimi-carbonate  requirement  of  the  soils.  In 
general,  the  soils  having  high  calciimi-carbonate  requirements  had  a  very  low 
nitrifying  power.  With  soils  having  calcium-carbonate  requirements  in 
excess  of  2200  pounds  per  2,000,000  pounds  of  soil,  the  nitrif3dng  organisms 
did  not  become  markedly  active  even  with  large  applications  of  calcium  car- 
bonate. Either  the  nitrifying  organisms  were  almost  entirely  absent  or  had 
become  very  inactive  because  of  the  unfavorableness  of  the  medium  in  which 
they  were  living. 

There  was  no  very  marked  correlation  between  the  calcium-carbonate 
requirement  of  these  soils  and  the  nitrogen-fixing  power  of  the  soil  organisms 
in  Ashby^s  solution.  Soil  XIV,  having  a  calcium-carbonate  requirement  of 
4600  pounds,  was  able  to  fix  nitrogen  to  the  extent  of  2.9  mgm.  per  100  cc.  of 
Ashby's  solution  in  21  days.  The  rate  of  nitrogen  fixation  was  increased  in 
every  case  by  the  addition  of  calcium  carbonate,  but  the  effect  was  more 
marked  on  soils  having  a  high  requirement  than  in  soils  having  a  low  calcium- 
carbonate  requirement.  It  seems  remarkable,  however,  that  nitrogen  fixa- 
tion took  place  in  all  cases  even  though  some  of  the  soils  had  very  high  lime 
requirements. 

EFFECT  OF  FERTILIZERS  ON  THE  BACTERIAL  ACTIVITIES  OF  SOILS 

These  experiments  were  conducted  in  order  to  determine  what  effect  differ- 
ences in  the  fertilizer  treatments  of  the  same  soil  would  have  on  the  bacterial 
activities  in  the  soil.  Samples  of  soil  were  chosen  from  12  plots  of  the  fertilizer 
series  of  the  fertility  plots  on  the  West  Virginia  station,  some  of  which  differ 
considerably  because  of  the  fertilizer  applications  they  have  received  during 
the  last  15  years.    Records  of  the  treatments  of  the  soil  on  these  plots  have 
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TABLE  12 

The  efect  of  calcium  carbonate  on  ike  activities  of  sail  bacteria  in  Dekaih  soils  having  varying 

lime  requirements 


CALcnm- 

UQUntnCENT 

PXK  2,000,000 
POUNDS  Of  son. 

MXnOOZN  PEK  1 

100  GM.  OP  son. 

MtTftOGBN  PIXED  IN 

son. 

CARCONATE  APPLHD 
FK&  2,000,000 

Nitrogen  as 

ammonia  from 

casein 

NitroRen  as 
nitrates  from  am- 
monium sulfate 

100  OC.  OP 

ashby'b  solution 

pounds 

pounds 

Mfm. 

fdaHoo 

rngm. 

fdcUve 

mgm. 

fdaihe 

' 

0 

68.9 

100 

8.0 

100 

7.6 

100 

in 

400 

2,000 
5,000 

76.5 
87.6 

111 
127 

12.6 
12.5 

158 
156 

■ 

10,000 

82.4 

118 

9.4 

118 

8.7 

114 

f 

0 

67.1 

100 

4.4 

100 

4.2 

100 

IV 

1,000      1 

2,000 
5,000 

81.2 
86.4 

121 
129 

8.4 
13.5 

191 
307 

10,000 

74.6 

111 

14.0 

318 

5.6 

133 

0 

68.9 

100 

1.3 

100 

2.7 

100 

V 

1,200 

2,000 
5,000 

80.5 
78.1 

117 
114 

7.8 
12.0 

600 
969 

10,000 

72.6 

105 

16.0 

1231 

4.1 

152 

f 

0 

73.5 

100 

5.8 

100 

4.4 

100 

VI 

1,400 

2,000 
5,000 

83.2 
86.9 

113 
118 

7.3 
8.0 

126 
138 

10,000 

87.7 

119 

12.6 

217 

5.6 

127 

e 

0 

56.8 

100 

1.5 

100 

4.9 

100 

vn 

1,600 

2,000 
5,000 

77.3 
91.8 

136 
161 

3.0 

5.7 

200 
380 

10,000 

87.5 

154 

16.0 

1067 

5.9 

120 

0 

67.0 

100 

0.4 

100 

5.1 

100 

vin 

1,800 

2,000 
5,000 

76.2 
96.6 

114 
129 

1.5 
8.0 

375 
2000 

10,000 

87.3 

130 

15.7 

3925 

6.5 

127 

f 

0 

69.6 

100 

0.8 

100 

3.1 

100 

IX 

2,200 

2,000 
5,000 

83.1 
90.1 

119 
129 

5.1 
9.8 

638 
1225 

10,000 

82.7 

119 

4.6 

575 

4.7 

151 

r 

0 

62.9 

100 

2.7 

100 

3.4 

100 

X 

2,600 

2,000 
,     5,000 

75.1 
92.2 

119 
147 

4.8 
5.2 

144 
156 

10,000 

91.8 

146 

13.0 

390 

4.8 

141 

0 

51.6 

100 

0.8 

100 

2.3 

100 

XI 

2,800 

2,000 
5,000 

68.3 
88.9 

132 

172 

2.2 
1.7 

275 
213 

10,000 

92.2 

159 

2.1 

263 

3.2 

139 
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TABLE  12— (Continued) 


CAtaUM- 
CARBOMATK  KB- 

PKB  2,000,000 
POUNDS  OP  900. 

CAldUM 

CAIBOKATX  APPUXD 

PEK  2,000.000 

PODMDS  or  sou 

NXntOGEN  PBK  100  OM.  OP  SOIL 

son. 

Nitro|en  as 

ammonia  from 

casein 

Nitrogen  as 
nitrates  from  am- 
monium sulfate 

100  DC.  OP 

Pounds 

pounds 

mgm. 

i«<elJM 

mgm. 

nMjs 

mgm. 

rdmlsM 

0 

49.6 

100 

0.4 

100 

4.4 

100 

XII 

3,200 

2,000 
5,000 

70.5 
93.0 

142 
187 

1.4 
2.0 

350 
500 

10,000 

89.5 

180 

3.2 

800 

5.6 

127 

.      r 

0 

46.0 

100 

1.1 

100 

5.4 

100 

XIII 

3,800 

2,000 
5,000 

62.1 
76.3 

135 
166 

3.0 

4.5 

273 
410 

10,000 

81.3 

177 

3.8 

345 

7.1 

131 

c 

0 

30.0 

100 

0.3 

100 

2.9 

100 

XIV 

4,600 

2,000 
5,000 

45.5 
72.4 

152 
241 

0.7 
1.1 

233 
367 

10,000 

86.3 

288 

0.7 

233 

4.4 

152 

been  given  in  table  1  previously  referred  to.    Analyses  of  the  soil  on  the  vari- 
ous plots  were  made  and  are  recorded  in  table  13. 

The  studies  in  nitrification,  anunonification,  and  nitrogen  fixation  were 
conducted  in  the  same  manner  as  previously  mentioned  in  the  discussion  of 
the  12  soils  of  the  Dekalb  series  with  varying  calcium-carbonate  requirements. 
It  will  be  remembered  that  the  soil  of  the  fertility  plots  is  also  Dekalb  soil. 
The  records  of  these  experiments  are  shown  in  table  14. 

,        TABLE  13 
Analyses  of  soils  of  table  14 


19 
20 
21 
22 
25 
26 
28 
29 
31 
32 
34 
35 


TUSATMKKT 


N,  P,  K,  CaO. 

M,  CaO 

Check 

CaO 

M 

N,P,K 

P,  K 

N,  K 

N,  P 

K 

P 

N 


POUNDS  PER  2,000,000  POUNDS  OP  SOIL 


Nitrogen 

Phosphorus  * 

Carbon 

Calcium- 
carbonate 
reqoiremcBt 

pounds 

pounds 

pounds 

Pouuis 

2130 

Its 

24,500 

0 

2700 

1045 

32,500 

0 

1830 

590 

21,200 

2800 

1750 

510 

19,400 

0 

3240 

1220 

36,800 

2800 

2665 

900 

30,400 

3200 

2280 

850 

26,000 

3600 

2290 

640 

27,000 

3400 

2395 

880 

28,000 

3200 

2310 

740 

29,200 

3600 

2300 

885 

28,200 

3400 

2100 

620 

28,800 

3400 

N  indicates  nitrate  of  soda;  P,  acid  phosphate;  K,  sulfate  of  potash;  M,  manure. 
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TABLE  14  , 

The  effect  of  calcium  carbonate  on  the  activities  of  soil  bacteria  in  Dekalb  soils  which  have  received 

varying  fertiliser  treatments 


CALCnJlC- 
CAKBONATX 


2,000,000 

FOUMDS  Of 


CALOUM 

carbonate 
appihd 

PEE 

2,000,000 
KJuiiDS  or 

SOIL 


lOTEOaEN  PEE  100  OIL  OP  SOIL 


Nitio^ES 
ammonm  /rom 


Nitfocen  u 
nitrates  from  sm- 
monium  soliate 


XBD  nr 
100  cc.  or 
asbby's  soLcnxow 


fotmdi 


N,  P,  K,  CaO. 


N,  CaO.. 


Check. 


0    < 


2,800 


CaO. 


M. 


N,P,K. 


P,K. 


N,  K. 


N,P.. 


2,800    < 


3,200    i 


3,600 


3,400 


3,200    < 


pounds 

6 

2,000 

5,000 

10,000 

0 

2,000 

5,000 

10,000 

0 

2,000 

5,000 

10,000 

0 

2,000 

5,000 

10,000 


0 

2,000 

5,000 

10,000 


mgm. 
78.3 
80.1 
78.3 

77.4 

87.8 
89.5 
87.0 
84.3 

60.6 
65.8 
78.2 
79.7 

71.8 
75.2 
82.9 

82.7 


0 

7t.7 

2,000 

75.3 

5,000 

90.5 

10,000 

90.0 

0 

.70.1 

2,000 

80.3 

5,000 

85.5 

10,000 

86.6 

58.4 
66.2 
76.3 
82.4 


0 

56.6 

2,000 

65.9 

5,000 

75.5 

10,000 

81.8 

0 

60.9 

2,000 

68.7 

5,000 

82.9 

10,000 

85.2 

rtlathe 

100 

102 

100 

99 

100 

102 

99 

^96 

100 
108 
129 
131 

100 
105 
115 
115 

100 
105 
126 
125 

100 
114 
122 
126 

100 
109 
131 
141 

100 
116 
133 
144 

100 
113 
136 
140 


si^. 
15.3 
18.5 
19.5 
20.3 

17.5 
21.5 
22.5 
22.0 

1.2 

5.4 

11.8 

15.5 

8.5 
15.8 
18.3 
22.0 

6.7 
12.5 
16.3 
21.5 

2.9 

7.0 

9.3 

13.8 

1.4 

4.3 

8.5 

13.0 

1.5 

4.8 

7.0 

10.0 

1.8 

5.8 

9.7 

12.8 


100 
121 
127 
133 

100 
123 
129 
126 

100 

450 

983 

1275 

100 
187 
215 
259 

100 
186 
243 
321 

100 
241 
321 

475 

100 
301 
601 
928 

100 
320 
467 
667 

100 
322 
504 
701 


5.6 

7.5 
6.2 

6.4 

3.7 

4.2 
2.6 

4.8 
5.1 

7.2 
4.2 

6.1 
4.3 

5.5 
5.1 

6.8 
4.4 

5.5 


100 

134 
100 

103 
100 

113 
100 

185 
100 

141 
100 

145 
100 

128 
100 

133 
100 

125 
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TABLE  14— (Continued) 


CAXCRTM- 
CAKBONATE 
ftSQUIEE- 
MEOTPER 

2.000.000 

FOUNDS  Of 
S(HL 

CALOOIC 
CAEBOKATE 

APPUSD 
FEE 

2,000,000 
F0I7MDS  OF 

son. 

nEATKBNT 

Nitrogen  as 

ammonium  from 

casein 

Nitrogen  a^ 
nitrates  from  am- 
monium sulfate 

100  cr.  or 
ashbt's  sokxrbh 

K 

Pounds 
3,600 

3,400 

3,400 

pounds 

0 

2,000 

5,000 

10,000 

0 

2,000 

5,000 

10,000 

0 

2,000 

5,000 

10,000 

MfM. 

47.9 

57.4 
75.7 
84.0 

49.5 
65.0 
79.4 
84.3 

50.2 
64.9 
78.6 
83.1 

fd<Ui$€ 

100 
120 
158 
174 

100 
131 
160 
170 

100 
129 
156 
165 

Mgm. 
1.1 
2.5 
5.0 
6.6 

1.1 
3.4 
7.0 
8.5 

1.1 
2.9 

5.5 
7.3 

fdoHm 
100 
237 
454 
600 

100 
301 
636 
772 

100 
272 
500 
663 

mgm. 
7.4 

7.6 
5.3 

7.6 
3.8 

6.9 

100 

P 

103 
100 

N 

143 
100 

182 

Nitrification  of  ammonium  sulfate  was  not  very  active  in  these  soils  except 
on  the  plots  where  lime  had  been  applied  in  the  field.  Even  the  soil  of  plots 
26,  28  and  31,  which  had  been  producing  very  satisfactory  crops  as  indicated 
in  table  1,  did  not  contain  vigorous  nitrifying  organisms.  The  rate  of  nitri- 
fication was  materially  increased  by  applications  of  calcium  carbonate.  The 
nitrif3dng  organisms  were  much  more  active  in  the  soil  from  the  manure  plots 
than  in  the  soil  from  any  of  the  other  plots  except  where  lime  had  been  applied. 
There  was  a  general  tendency  for  the  rate  of  ammonification  of  casein  to 
decrease  with  an  increase  in  the  lime  requirement  of  the  soils.  There  were  some 
marked  exceptions  to  this  tendency,  notably  plots  25  and  26.  A  study  of  the 
analyses  of  these  plots  shows  a  high  total  content  of  nitrogen  and  organic 
matter.  No  Ume  has  ever  been  applied  to  plots  25  and  26.  This  increased 
nitrogen  in  the  form  of  protein  represents  an  increased  amount  of  material 
available  for  the  action  of  ammonifying  organisms.  If  a  large  amount  of 
nitrogen  has  been  stored  up  in  the  soil,  the  amount  of  ammonia  produced 
without  any  applications  of  calcium  carbonate  would  be  sufficient  to  produce 
satisfactory  yields  of  those  crops  which  are  able  to  utilize  ammonia,  on  a  soil 
having  lime  requirements  no  higher  than  those  of  plots  25  and  26.  The 
tendency  for  small  applications  of  calcium  carbonate  to  be  relatively  much 
more  effective  than  larger  applications  was  again  shown  in  these  experiments. 
It  was  evident  that  ammonification  proceeds  fairly  satisfactorily  without  the 
application  of  calciimi  carbonate,  esp)ecially,  as  suggested  in  the  preceding 
discussion,  if  the  content  of  organic  nitrogen  is  high.  Large  applications  of 
calcium  carbonate  had  a  tendency  to  reduce  the  rate  of  ammonification. 
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Nitrogen  fixation  took  place  very  readily  in  Ashby 's  solution  when  inoculated 
with  soil  from  any  of  the  plots.  There  did  not  seem  to  beany  correlation  be- 
tween the  calcium-carbonate  requirement  and  nitrogen  fixation.  The  addi- 
tion of  calcium  carbonate  to  Ashby's  solution  caused  an  increase  in  nitrogen 
fixation  in  every  case,  but  this  increase  was  no  more  marked  in  soil  having  a 
high  lime  requirement  than  in  soil  having  a  low  lime  requirement. 


2000  3000  4000  SOOO  7SOO  fQOOO 

Pounds  calcium  carbonate  per  2.000,000 pounds  soit. 

Soil  If  with  phosphorus  Soil  I  with  phosphorus. 

So)/  IT  v/ithout  phosphorus  So)  I J  without  phosphorus. 

Fig.  1.  The  Effect  of  Calcium  Carbonate  on  the  Number  of  Bacteria  in  Soils  I 

AMD  II 

SUMMARY  AND  CONCLUSIONS 

This  investigation  was  undertaken  as  a  preliminary  step  in  the  study  of  the 
possibilities  of  a  system  of  acid  agriculture  on  soils  somewhat  distantly  re- 
moved from  a  source  of  lime.  A  study  was  made  of  the  relation  between  the 
activities  of  the  soil  bacteria  concerned  in  nitrogen  accmnulation  and  nitrogen 
transformations  and  the  lime  requirement  of  certain  soils.  The  lime  require- 
ment of  these  soils  varied  from  none  to  4600  pounds  of  calcium  carbonate  per 
2,000,000  pounds  of  soil.  To  different  portions  of  these  soils  calcium  carbon- 
ate was  added  in  amounts  ranging  from  0.01  per  cent  to  2  per  cent  of  the  weight 
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of  the  soil.    The  data  accumulated  show  that  the  various  groups  of  soil 
organisms  vary  in  their  response  to  applications  of  calcium  carbonate. 

Anmionification  proceeded  fairly  satisfactorily  in  most  of  the  soils  without 
the  application  of  lime.  The  use  of  moderate  amounts  of  calcium  carbonate 
increased  the  rate  of  ammonification  in  most  cases.  Small  applicaticms  were 
much  more  effective,  relatively,  than  large  applications. 


t^OOC 


Fhonc/s  caidum  carixonatB per  2,OOO^ooo pounds  soit. 

Soit  J  - SoiiU 

So'itJJ  With  four  day  period  of  incubation. 

Fig.  2.  The  Effect  of  Calcium  Carbonate  on  the  Rate  of  Aumonification  in  Soils  I 

AND  II  WITH  Phosphorus 

The  rate  of  nitrification  was  almost  directly  correlated  with  the  amount  of 
calcium  carbonate  supplied.  Excessive  applications  were  not  injurious  to  the 
nitrifying  organisms.  Soils  having  high  lime  requirements  showed  practically 
no  nitrification  until  calcium  carbonate  had  been  mixed  with  them. 

Nitrogen  fixation  by  non-symbiotic  soil  organisms  was  considerably  in- 
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creased  by  the  addition  of  calcium  carbonate.  The  application  of  mono- 
calcium  phosphate  also  was  necessary  for  maximmn  nitrogen  fixation.  All 
of  the  soils  studied  accumulated  considerable  amounts  of  nitrogen  when  in- 
cubated in  Ashby's  solution  without  the  addition  of  calcium  carbonate, 
although  its  use  increased  the  rate  of  nitrogen  fixation. 

A  lime  requirement  of  3000  pounds  was  not  sufficient  to  prevent  a  good 
growth  of  soybeans  on  soil  well  fertilized  with  acid  phosphate  or  manure. 
Nitrogen  fixation  accompanying  the  growth  of  soybeans  took  place  readily 


Soil  J  with  ammonium  carbonate. 

SoilU  v^ifh  ammonium  carbonate. 

Soil  II  wiiti  ammonium  sulphate. 
Soil  I  with  ammonium  sulphate. 


lOOO  aOOO         3O00  ^OOO  SOOO  7500  tOOQO 

Pounds  calcium  carbonate  per  2,  ooo,  ooo  pounds  soil. 

Fig.  3.  The  Effect  of  CALauii  Casbonate  on  the  Rate  of  Nitrification  in  Soils  I 

AND  II  WITH  Phosphorus 


in  acid  soils.    This  fixation  was  increased  by  small  applications  but  decreased 
by  large  applications  of  calcium  carbonate. 
From  these  facts  the  following  conclusions  seem  justified: 

1.  Plants  which  are  able  to  utilize  ammonia  nitrogen  need  not  suffer  from 
nitrogen  hunger  when  grown  on  soils  having  lime  requirements  no  higher 
than  those  studied  in  these  investigations. 

2.  Plants  which  depend  on  nitrates  as  their  source  of  nitrogen  may  suffer 
from  the  lack  of  available  nitrogen  in  soils  having  high  lime  requirements, 
unless  these  requirements  have  been  at  least  partially  satisfied. 
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3.  The  supply  of  nitrogen  in  acid  soils  may  be  maintained  by  growing  acid- 
resistant  legumes,  of  which  the  soybean  is  one.  Undoubtedly,  the  use  of 
acid  phosphate  aids  materially  in  the  nitrogen-fijKition  processes  in  add  soils. 

4.  Small  applications  of  calcium  carbonate  are,  as  a  rule,  relatively  more 
effective  than  large  applications  as  a  means  of  increasing  the  bacterial  activities 
in  acid  soils. 

Acknowledgment  is  due  Dr.  E.  B.  Fred  of  the  University  of  Wisconsin 
for  many  helpful  suggestions  and  criticisms  offered  during  the  progress  of 
this  investigation. 


/© 

^v 

14- 

- 

^/^\ 

^ 

^y^                                Nw 

^^ 

^.^-^^''''''''''^                                          \ 

1 

f^ 

\ 

<h 

1     5 

\^ 

8  /^ 

/      p 

\ 

^ 
k 

/       < 

. 

/  i 

h: 

/     ^ 

?: 

/        s 

h 

/     ^ 

•6 

^  ^^'''' 

W> 

/             ^ 

^^-.«» 

.1' 

/^^^--V       § 

^*"* 

,''' 

2 

II                          1                           1 

lOOO 


ZOOO         3000 


sooo 


Pounds  ca/dvm  carbonah per 2,ooc^ooo pounds  ofso/l 
—  ly/fh  phosphon/s  -  -  - "Wifhouf  phosphon/B. 


Fig.  4.  The  Effect  of  Calcium  Carbonate  on  Non-Symbiotic  NrntooEN  Fixation  in 

Soil  II 

REFERENCES 

(1)  AsHBY,  S.  F.     1907    Some  observations  on  the  assimilation  of  atmospheric  nitrogen 

by  a  free-living  ^oil  organism,  Azotobacter  Chroococcum  of  Beijerinck.    In 
Jour.  Agr.  Sci.,  v.  2,  p.  35. 

(2)  Beak,  F.  E.,  and  Salter,  R.  M.     1916    The  residual  effects  of  fertilizers.    W.  Va. 

Agr.  Exp.  Sta.  Bui.  160,  25  p. 

(3)  Bear,  F.  E.,  and  Salter,  R.  M.     1916    Methods  in  soil  analysis.    W.  Va.  Agr.  Exp. 

Sta.  Bui.  159,  24  p.,  2  fig. 


Digitized  by 


Google 


BACTERIAL  ACTIVITY  AND  LIME  REQUIREMENT  461 

(4)  Ch]ust£NS£N,  H.  R.,  and  Lassen,  O.  H.    1911    Untersuchung  aber  Methoden  zur 

Bestimmuog  des  KalkbedOrfnisses  des  Bodens.    In  Centbl  Bakt.  [etc.],  Abt.  2, 
Bd.  29,  p.  347. 

(5)  Clark,  W.  M.,  and  Ltf»s,  H.  A.     1917    The  colorimetric  deteiixdnation  of  hydrogen- 

ion  concentration  and  its  applications  in  bacteriology.    In  Jour.  Bact.,  v.  2, 
p.  1-11,  109-136,  191-236. 

(6)  CoviLLE,  F.  V.    1913    The  agricultural  utilization  of  acid  lands  by  means  of  acid 

tolerant  crops.    U.  S.  Dept.  Agr.  Bui.  6, 13  p. 

(7)  Drew,  G.  H.     1914    On  the  precipitation  of  calcium  carbonate  in  the  sea  by  marine 

bacteria  and  on  £he  action  of  denitrifying  bacteria  in  tropical  and  temperate 
seas.    In  Tortugas  Lab.,  Carnegie  Inst.,  v.  5,  p.  9-45. 

(8)  Fischer,  H.     1909    Ueber  de^  Einfluss  des  Kalkes  auf  die  Bakterien  eines  Bodens. 

In  Landw.  Vers.  Stat.,  Bd.  70,  p.  335. 

(9)  Frear,  W.     1915    Sour  soils  and  liming.    Penn.  Dept.  Agr.  Bui.  261,  221  p. 

10)  Fred,  E.  B.,  AND  Graul,  E.  J.     1916    The  gain  in  nitrogen  from  the  growth  of  legumes 

on  acid  soils.    Wis.  Agr.  Exp.  Sta.  Research  Bui.  39,  p.  37. 

11)  GiMiNGHAM,  C.  T.    1909    The  formation  of  calcium  carbonate  in  soil  by  bacteria.    In 

Jour.  Agr.  Sci.,  v.  4,  p.  145-150. 

12)  Hall,  A.  D.,  and  Miller,  N.  H.  J.     1908    Nitrification  in  acid  soils.    In  Jour.  Chem. 

Soc.  [London],  v.  94,  p.  524. 

13)  Hall,  A.  D.,  AND  Miller,  N.  H,  J.     1911    The  production  of  acids  and  alkalies  in  the 

soil.    In  Jour.  Chem.  Soc.  [London],  v.  100,  p.  35. 

14)  Harter,  L.  L.     1910    Investigations.    Va.  Truck  Exp.  Sta.  Bui.  4,  p.  80. 

15)^  Heinrich,  R.  1892  Meigel  und  Mergeln  auch  die  Chemische  Bodenanafiyzen  und 
ihre  Bedeutung  ftir  die  Feststellimg  der  Dungbedutftigkeit  der  Bodens.  In 
Centbl.  Agr.  Chem.  1892. 

16)  HoFFiiANN,  C.     1906    Relation  of  soil  bacteria  to  nitrogenous  decomposition.    Wis. 

Agr.  Exp.  Sta.  23rd  Ann.  Kept.,  p.  124. 

17)  HoFFicANN,  C,  AND  HamAr,  B.  W.     1910    Some  factors  concerned  in  nitrogen  fixa- 

tion by  Azotobacter.    Wis.  Agr.  Exp.  Sto.  Research  Bui.  12,  p.  172. 

18)  Hopkins,  C.  G.     1910    Soil  Fertility  and  Permanent  Agriculture.    Ginn  and  Co., 

New  York,  p.  214. 

19)  Hutchinson,  H.  B.     1913    The  partial  sterilization  of  the  soil  by  means  of  caustic 

lime.    In  Jour.  Agr.  Sci.,  v.  5,  p.  320-331. 

'20)  Hutchinson,  H.  B.,  and  Miller,  N.  H.  J.  1911  The  direct  assimilation  of  inorganic 
and  oiglanic  forms  of  nitrogen  by  higher  plants.  In  Centbl.  Bakt.  (etc.),  Abt.  2, 
Bd.  30,  p.  513-547. 

2\)  Itano,  a.  1916  The  relation  of  hydrogen-ion  concentration  of  media  to  the  pro- 
teolytic activity  of  Bacillus  subtilis.    Mass.  Agr.  Exp.  Sta.  Bui.  167,  p.  141-143. 

'22)  Kellerman,  K.  F.,  and  Robinson,  T.  R.  1910  Legume  inoculation  and  litmus  reac- 
tion of  soils.    U.  S.  Dept.  Agr.  Bur.  Plant  Indus.  Cir.  71^  11  p. 

|23)  Kellerman,  K.  F.,  and  Smith,  N.  R.  1914  Bacterial  precipitation  of  calcium  car- 
bonate.   In  Jour.  Wash.  Acad.  Sci.,  v.  4,  p.  400-402. 

24)  Kelley,  W.  p.  1911  The  assimilation  of  nitrogen  by  rice.  Hawaii  Agr.  Exp.  Sta. 
Bui.  24,  p.  5-20. 

25)  KoPELOiry,  N.  1916  The  effect  of  soil  reaction  on  ammonification  by  certain  soil 
fungi.    In  Soil  Sci.,  v.  1,  p.  571. 

^26)  KossoviTCH,  P.  S.,  AND  Althausen,  L.     1907    The  influence  of  calcium  carbonate 

and  magnesium  carbonate  on  the  soil  and  plants.    In  Trudui  Mendtlyevsk. 

Syezda  Obshch  i  Prikl.  Khim.,  v.  1,  fi,  490.    Ahs.  in  Exp.  Sta.  Rec,  v.  23, 

(1910),  p.  226. 
(27)  Lyon,  T.  L.,  and  Bizzell,  J.  A.     1913    Some  relations  of  certain  higher  plants  to  the 

formation  of  nitrates  in  soils.    N.  Y.  [Cornell]  Agr.  Exp.  Sl^a.  Memoir  1,  p.  98. 

'  Reference  not  verified. 


Digitized  by 


Google 


462  FIRMAN  £.  BEAK 

(28)  Miller,  F.    1914    Ueber  den  Einfluss  des  Kalkes  auf  die  Bodenbakterien.    In  Ztachr. 

GftrungsphysioL,  Bd.  4,  p.  194-206. 

(29)  Scales,  F.  M.     1915    Relation  of  lime  to  production  of  nitrates  and  mineral  nitrogen. 

Ahs,  in  Science,  n.  s.,  v.  42,  p.  317. 

(30)  Shakp,  L.  T.,  AND  HoAGLAND,  D.  R.     1916    Acidity  and  adsorption  in  soils  as  measured 

by  the  hydrogen  electrode.    In  Jour.  Agr.  Research,  v.  7,  p.  123-128. 

(31)  Temple,  J.  G.     1914    Nitrification  in  acid  or  non-basic  soils.    Ga.  Agr.  Exp.  Sta. 

Bui.  103,  p.  14-15. 

(32)  TsuoG,  E.     1916  (a)    A  new  apparatus  for  the  determination  of  soil  carbonates  and 

new  methods  for  the  determination  of  soil  acidity.    In  Jour.  Indus.  Engin.  Chem^ 
V.  8,  p.  345-348. 

(33)  Truog,  E.     1916  (b)    The  cause  and  nature  of  soil  acidity  with  special  regard  to 

colloids  and  adsorption.    In  Jour.  Phys.  Chem.,  v.  20,  p.  457-484. 

(34)  Veitch,  F.  p.     1904    Comparison  of  methods  of  estimation  of  soil  acidity.    In  Jour. 

Amer.  Chem.  Soc.,  v.  26,  p.  661. 

(35)  Voorhees,  E.  B.,  and  Lipican,  J.  G.     1907    Some  chemical  and  bacterial  effects  of 

liming.    N.  J.  Agr.  Exp.  Sta.  Bui.  210,  p.  178. 

(36)  Wheeler,  H.  J.     1897    The  fifth  year's  observation  upon  the  growth  of  plants  upon 

an  acid  upland  soil,  limed  and  unlimed.    R.  I.  Agr.  Exp.  Sta.  Rpt.,  1897,  p. 
224^-225. 

(37)  Wheeler,  H.  J.     1903    A  further  study  of  the  influence  of  lime  upon  plant  growth. 

R.  I.  Agr.  Exp.  Sta.  Bui.  96,  44  p. 

(38)  Wheeler,  H.  J.     1914    The  comparative  effect  on  different  kinds  of  plants  of  liming 

on  add  soil.    R.  I.  Agr.  Exp.  Sta.  Bui.  160,  p.  407-446. 

(39)  Whitimg,  a.  L.    1913    Soybean  and  cowpea  nodules.    In  Breeder's  Ga«.,  v.  64,  p. 

1130. 

(40)  WHiTdoN,  A.  R.,  and  Weir,  W.  W.    1913    Soil  acidity  and  liming.    Wis.  Agr.  Exp. 

Sta.  Bui.  230,  p.  1. 

(41)  WnxLAMS,  C.  G.     1916    The  effect  of  lime  on  add  s^.    Ohio.  Agr.  Exp.  Su.  (Un- 

published data). 


Digitized  by 


Google 


THE    MOISTURE   EQUIVALENT   DETERMINATIONS   OF   SALT- 
TREATED    SOILS    AND    THEIR    RELATION    TO 
CHANGES  IN  THE  INTERIOR  SURFACES 

L.  T.  SHARP  AND  D.  D.  WAYNICK  • 

Soils  Research  Laboratory,  Universily  of  California 

Received  for  publication  July  30,  19x7 

The  physical  properties  of  soils  in  the  field  or  laboratory  may  be  appre- 
ciably modified  by  the  addition  of  certain  acids,  bases,  and  salts.  It  is  also 
true  that  a  still  more  pronoimced  change  in  the  soil  properties  will  result  if 
some  of  these  added  substances  are  washed  either  wholly  or  partly  from  the 
soil  with  water.  To  be  consistent  with  the  more  recent  theoretical  reasoning, 
one  must  regard  the  changes  in  the  degree  of  dispersion  of  the  soil  particles  and 
the  consequent  alteration  in  the  interfacial  surfaces  as  important  effects  of 
such  salt  treatments.  The  more  commonly  noted  effects  as  the  changes  in 
permeability,  capillary  activity,  response  to  cultivation,  and  other  similar 
soil  factors  are,  we  beUeve,  to  be  properly  regarded  as  incidental  to  and  de- 
pendent upon  the  effects  mentioned  above.^  Frequently,  the  exact  relation- 
ship between  these  more  obvious  effects  of  salt  treatments  and  the  changes 
brought  about  in  the  interior  soil  surface  are  obscured  by  factors,  the  ex- 
pressions for  which  have  not  been  established.  It  is  evident  that  those 
methods  which  most  closely  approach,  either  directly  or  indirectly,  the  meas- 
urement of  the  interior  surface  of  soils  are  the  most  suitable  for  studies  con- 
cerned with  this  phase  of  soil  physics.  Among  the  several  methods  which 
have  been  used  in  this  laboratory  for  this  purpose,  the  centrifugal  determina-  • 
tion  of  the  moisture  equivalent  described  by  Briggs  and  McLane  (1)  seems  to 
be  one  of  the  most  promising. 

Briggs  and  Shantz  (2)  have  already  pointed  out  the  existence  of  important 
relationships  between  the  moisture  equivalent  and  the  hygroscopic  coefficient, 
the  water-retaining  power,  and  the  mechanical  analysis  of  soils.  In  addition 
they  have  correlated  these  coefficients  with  the  wilting  coefficient.  Thus 
a  single  determination  provides  a  comparatively  simple,  convenient,  and 
fairly  accurate  means  of  coimecting  the  physical  properties  of  soils  with  their 
effects  on  biological  processes.  These  reasons  are  suiBcient  to  warrant  a 
study  of  the  salt  effects  on  soils  as  indicated  by  the  moisture-equivalent 
determinations.    The  first  part  of  this  paper  presents  the  data  secured  by  us 

*  Any  effects  which  might  be  directly  attributed  to  changes  in  the  physical  properties  of 
the  liquid  phase,  i.e.,  surface  tension,  vapor  pressure,  and  density,  are  not  considered  in  this 
discussion.    We  are  dealing  here  with  the  changes  in  the  solid  phase,  the  soil  particles. 
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in  our  studies.  Aside  from  its  usefulness  in  the  directions  already  referred 
to,  the  moistuie  equivalent  may  be  a  means  of  obtaining  a  clearer  conception 
of  the  comparative  magnitudes  of  the  interior  surfaces  of  soils.  At  present 
this  is  purely  a  theoretical  consideration  and  the  few  words  devoted  to  it 
in  the  second  part  of  this  paper  will  suffice  to  explain  it. 

EXPERIMENTAL  DATA 

Duplicate  100-gm.  portions  of  the  Davis  clay  loam  soil,  which  had  passed 
the  2-mm.  sieve  were  treated  with  80  cc.  of  the  salt  solutions  of  the  concentra- 
tions specified  in  table  1.  From  one  of  these  portions  the  salt  was  washed  with 
distilled  water  before  centrifuging,  while  a  sample  from  the  other  portion  was 
subjected  to  centrifuging  without  washing.  In  numbers  19  to  21,  inclusive, 
a  sufficient  quantity  of  the  various  salts  was  added  to  yield  an  amount  of  base 
equivalent  to  3  gm.  of  sodium  to  100  gm.  of  soil.  Table  1  gives  an  outline  of 
these  treatments  and  the  corresponding  moisture  equivalents. 

The  data  given  in  table  1  show  that  the  addition  of  NaCl  and  Na2S04  to 
the  Davis  soil  did  not  materially  modify  the  moisture  equivalent.  In  all 
probability  the  explanation  of  this  lies  ii;  the  fact  that  the  smaller  soil  particles 
are  flocculated  to  such  a  degree  under  normal  conditions  that  the  further 
addition  of  the  floccuiants  NaCl  and  NajSO*  proved  to  be  without  measureable 
effect  on  the  mDisture  equivalent.  On  the  other  hand,  it  is  likely  that  if  a 
soil,  the  particles  of  which  were  in  a  state  of  diffusion,  were  substituted  for 
the  Davis  soil,  then  more  noticeable  effects  would  result  from  the  application 
of  flocculating  agents. 

To  formulate  an  explanation  for  the  behavior  of  the  Davis  soil  to  which 
Na2C08  and  NaOH  had  been  added  is  not  as  simple  as  in  the  case  of  the 
neutral  salts.  We  would  expect  that  these  alkaline  substances  would  increase, 
very  markedly,  the  degree  of  dispersion  of  the  soil  particles.  That  this  is  not 
always  the  case  is  evident  from  some  other  experiments  in  which  NajCOs  (3) 
under  certain  circumstances  was  shown  to  lack  the  deflocculating  power 
exhibited  by  NaOH  toward  suspensions  of  the  Davis  soil.  This  probably 
accoimts  for  the  similarity  of  the  moisture  equivalent  of  the  soil  treated  with 
Na2C08  and  that  of  the  control  soil  in  the  present  experiments.  As  pre- 
viously mentioned,  NaOH  of  certain  concentrations  increases  the  degree  of 
dispersion  of  the  soil  particles.  A  corresponding  increase  in  the  moisture 
equivalents  of  the  soils  treated  with  the  proper  concentrations  of  NaOH 
should  logically  follow.  On  the  contrary,  our  experiments  seem  to  indicate 
that  the  moisture  equivalent  is  not  changed  by  the  addition  of  NaOH.  We 
are  not,  at  this  lime,  in  a  position  to  offer  a  satisfactory  explanation  of  this 
behavior.  On  the  whole,  it  can  be  said  that  while  the  added  salts  are  present 
in  the  soil,  little  or  no  change  in  the  moisture  equivalent  was  observed. 

A  very  different  effect  is  produced  if  these  same  salts  are  washed  from  the 
soil  with  water.    The  soils  so  treated  seem  to  possess  a  new  and  peculiar  set 
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TABLE  1 
Efea  of  salts  and  waskiug  ireatmetUs  on  the  moisture  equivalent  of  the  Davis  soil 
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12 


13 


14 


15 


16 


00 


NaCl 


NaCl 


Naa 


NaCl 


NatSO« 


Na,SO« 


Na<SO« 


Na,S04 


NatCOt 


NatCOt 


NatCOt 


NatCOt 


NaOH 


NaOH 


00 


N 


N/10 


N/50 


N/100 


N 


N/10 


N/50 


N/100 


N 


N/10 


N/50 


N/100 


N 


N/10 


gALTABnrn 

PBRlOO 


gnms 
00 

4.680 

0.468 

0.093 

0.046 

5.680 

0.568 

0.113 

0.056 

4.240 

0.424 

0.085 

0.042 

3.200 

0.320 


MOOnntB  BQOXVilUltTS 


*  SaltpKfent 


DupUcatet 


19.06 
19.46 

20.10 
19.30 

19.20 
20.00 

19.00 
19.90 

20.10 
19.30 

19.00 
19.20 

19.80 
19.70 

20.00 
19.70 

20.20 
20.10 

19.62 
19.64 

20.01 
20.03 

18.40 
18.77 

18.86 
18.74 

19.92 
20.11 

20.52 
20.07 


Avenge 


Duplkatcs 


19.26 
19.70 
19.60 
19.45 
19.70 
19.10 
19.75 
19.85 
20.15 
19.63 
20.02 
18.53 
18.80 
20.01 
20.29 


SdtkMliedoat 


19.34 
18.97 

24.26 
25.43 

22.08 
22.21 

22.29 
22.41 

21.53 
21.39 

32.19 
31.91 

22.97 
22.81 

21.45 
21.61 

20.73 
20.42 

29.45 
28.35 

20.03 
20.00 

19.05 
19.05 

18.69 
18.70 

29.70 
30.32 

22.24 
24.13 


19.15 
24.94 
22.14 
2l35 
21.46 
32.05 
22.89 
21.53 
20.57 
28.90 
20.01 
19.05 
18.69 
30.01 
24.18 
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TABLE  1  (Cont.) 


SALT 

COMCBimLATlON 

maarvBM  bquivaixnts 

- 

pnlOO 

GH.  OP 

son. 

Salt  present 

Salt  kacbed  out 

f 

Duplicates 

Average 

Daplicatcs 

Average 

17 

NaOH 

N/50 

tnms 
0.064 

19.24 
19.37 

19.30 

19.44 
19.24 

19.34 

18 

NaOH 

N/100 

0.032 

18.58 
18.73 

18.65 

19.43 
19.44 

19  43 

19 
20 

NaNO, 
NaCOItO, 

Salt  added   equiva- 
lent to  3  gm.  of 
base  per  100  gm. 
of  soil 

11.078 
15.620 

30.96 
30.32 

32.86 
29.60 

30.64 
31.23 

21 

CaCl, 

8.300 

19.88 
19.22 

19.55 

of  physical  properties.  As  shown  in  table  1  the  moisture  equivalent  of  the 
Davis  soil  is  markedly  mcreased  by  such  treatments.  The  extent  to  which 
the  moisture  equivalent  is  changed  depends  upon  the  salt  used.  Thus  the 
washing  out  of  all  the  sodimn  salts  was  accompanied  by  a  considerable  in- 
crease in  the  moisture  equivalent,  while  the  washing  out  of  CaCls  did  not 
perceptibly  alter  this  factor.  Since  the  leaching  out  of  other  salts  as  KCl, 
K1SO4,  KNOs  and  (NEU)!  SO4  produces  an  effect  quite  similar  to  that  existing 
after  the  sodimn  siLlts  have  been  leached  from  the  soil,  it  is  highly  probable 
that  the  washing  out  of  the  salts  first  mentioned  would  produce  effects  on  the 
moisture  equivalent  commensurate  with  those  found  when  sodium  salts  have 
been  leached  from  the  soil. 

The  amount  of  change  in  the  moisture  equivalent  due  to  leaching  seems  to 
depend  also  upon  the  anion  with  which  the  sodium  is  associated.  In  the  experi- 
ment reported  Na«S04  produced  the  greatest  effect,  followed  in  order  by 
NaOH,  NaiCOs  and  NaCl.  Of  course,  equal  quantities  of  sodium  are  under 
comparison. 

The  absolute  quantity  of  salt  with  which  the  soil  has  been  treated  is  like- 
wise an  important  factor  in  determining  the  extent  to  which  the  soil  will  be 
modified.  The  laiger  applications  followed  with  washing  of  salts  invariably 
produced  the  greater  effects  on  the  moisture  equivalent.  The  two  smaller 
applications  of  NaiCOs  and  NaOH  were  without  a  measurable  effect.  The 
application  of  some  of  the  results  of  the  investigations  of  Briggs  and  Shantz 
to  oiur  own  problem  of  handling  the  salt-treated,  water-washed  soils  has 
enabled  us  to  see  more  clearly  the  reasons  for  the  difficulties  involved  in 
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attempting  to  grow  plants  in  such  diffused  soils,  and  have  offered  us  valuable 
suggestions  as  to  the  proper  procedure  for  alleviating  these  conditions. 

THEORETICAL  DISCUSSION 

The  optimum  physical  conditions  for  plant  growth  in  such  heterogeneous 
mediums  as  the  soil  mass  must  obviously  depend  in  some  measure  upon  the 
interfaces  between  the  various  phases  and  the  factors  affecting  them.  As 
mentioned  in  the  first  part  of  this  paper,  one  of  these  factors  is  the  effect  of 
salts  on  the  degree  of  dispersion  of  the  soil  particles.  Furthermore,  in  many 
cases  the  leaching  out  of  salts  is  instrumental  in  bringing  about  a  greater  change 
in  the  degree  of  dispersion  of  the  soil  particles  than  that  produced  by  the  mere 
addition  of  the  salts,  and  hence  it  would  seem  that  the  salt  and  water  treat- 
ments would  also  be  accompanied  by  greater  changes  in  the  interfacial  sur- 
faces. These  statements  serve  to  introduce  some  of  the  intricacies  of  the 
problems  involved  in  the  measurement  of  surfaces  within  the  soil  mass,  especi- 
ally those  affected  by  salts. 

We  now  propose  to  consider  the  moisture  equivalent  determinations  as 
functions  of  the  interior  surfaces  of  soils.  Our  assumption  presupposes  that 
the  moisture  equivalent  varies  directly  as  the  surface  of  the  solid  soil  particles. 
Such  a  relationship  would  be  the  logical  deduction  from  the  following 
considerations. 

From  the  moisture  equivalent  it  is  possible  to  obtain  the  volume  of  water 
which  a  given  quantity  of  soil  will  retain  against  a  given  force.  According 
to  Briggs  and  McLane  (1)  the  water  so  held  is  in  capillary  equilibrium.  That 
is  to  say,  the  water  films  in  any  two  soils,  which  have  been  centrifuged,  are 
of  equal  thickness  and  the  liquid-air  surfaces  in  the  capillary  spaces  are  of  the 
same  curvature. 

By  momentarily  neglecting  the  possibility  that  the  only  inequality  that 
any  two  soils  may  show  with  respect  to  their  residual  water  content  after 
centrifuging,  lies  in  the  number  of  points  of  contact  between  particles ,  or  the 
number  of  capillary  spaces,  we  are  enabled  to  consider  the  water  usually 
designated  by  the  term  "moisture  equivalent"  to  be  spread  over  the  surfaces 
of  the  two  soils  to  an  equal  depth,  and  hence  the  surfaces  would  vary  directly 
as  the  volume  of  water  retained. 

Thus  let  X  be  the  thickness  of  the  water  film  and  A  and  B  the  volumes  of 
water  retained  by  two  soib.  Then  the  surfaces  5«  and  5^  are  as  follows: 
S.  «  AlX  and  Sft  =  BjX^  and  S^  is  to  S^  as  il  is  to  5.  If  a  finite  value 
could  be  assigned  to  X,  then  the  figures  for  S^  and  5^  would  approach  absolute 
values. 

The  most  serious  objection  to  such  a  line  of  reasoning  lies  in  the  factor 
which  we  purposely  neglected  for  the  moment,  namely,  the  number  of  cap- 
illary spaces  in  which  water  may  collect  to  a  depth  greater  than  that  in  the 
surface  films.    Obviously,  in  such  cases  the  thickness  of  the  water  layers 
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would  not  be  uniform  throughout,  which  possibly  invalidates  any  rigorous 
mathematical  interpretation  of  the  data  obtained  by  the  use  of  the  centrifuge. 
On  the  other  hand,  the  differences  in  thickness  may  not  be  so  great  as  to  mili- 
tate seriously  against  the  correctness  of  the  general  proposition  that  the 
moisture  equivalent  is  a  more  or  less  accurate  function  of  the  interior  surface. 

But  there  are  certain  compensating  factors  which  would  tend  to  equalize 
the  thickness  of  the  water  la3^rs,  even  though  the  number  of  points  of  contact 
between  particles  should  be  increased.  This  can  best  be  shown  by  the  follow- 
ing sketch: 

In  A  two  spherical  particles  are  shown  suspended  in  a  liquid  some  of  which 
has  become  closely  associated  with  the  surfaces  of  the  particles.  If  the 
excess  liquid  is  gradually  removed  the  particles  come  closer  together  and  the 
liquid  films  around  them  assume  a  form  as  in  6.  In  the  immediate  region 
between  the  two  spheres  the  thickness  of  the  water  films  is  somewhat  de- 
creased, while  further  out  from  the  spheres  the  film  thickness  is  increased. 
C  represents  the  final  appearance  of  such  a  system  when  the  excess  water  is 
removed  by  some  force  as  that  developed  by  centrifuging.    In  this  case  the 


a. 

Pig.  1 

particles  are  in  contact  with  each  other,  necessitating  a  marked  decrease  m 
the  thickness  of  the  film  adjacent  to  the  point  of  contact.  A  further  exami- 
nation of  this  S3rstem  shows,  however,  that  this  decrease  in  thickness  may  be 
largely  compensated  for  by  a  corresponding  increase  in  the  thickness  of  the 
water  layers  in  the  capiUary  spaces.  In  other  words,  the  total  volume  of 
water  retained  and  the  actual  surface  of  the  particles  are  not  materially 
changed  by  increasing  or  decreasing  the  number  of  points  of  contact  between 
the  particles.  Hence,  the  average  thickness  of  the  water  film  surrounding 
the  soil  particles  would  likewise  be  tmdisturbed.  Evidently,  the  extent  of  the 
surface  over  which  the  residual  water  is  to  be  spread  is  of  more  importance  in 
determining  the  volume  of  water  retained  than  the  number  of  capillary  spaces. 
The  latter  statement  refers  to  soils  having  particles  of  the  same  size  but  differ- 
ing in  the  arrangement  of  these  particles.  Of  course,  any  change  in  the 
actual  size  of  the  particles  or  even  in  their  effective  size  necessarily  means 
change  in  the  interior  surface  of  the  soil,  and  hence  a  change  in  the  moisture 
equivalent.  It  is  for  the  reasons  outlined  above  that  the  moisture  equivalent 
is  considered  as  an  index  of  the  interior  surface  of  soils. 


Digitized  by 


Google 


MOISTURE  EQUIVALENT  DETERMINATIONS  OF  SALT-TREATED  SOILS       469 

A  second  objection  to  our  proposal  lies  in  the  fact  that  the  conditions  of 
an  ideal  system  composed  of  spheres  of  the  same  size  and  pure  water  are  not 
fulfilled  by  the  soil  system,  for  the  soil  particles  are  not  spherical,  nor  are 
they  of  tmiform  size;  hence  the  laws  concerning  the  first  type  of  system  may 
not  hold  with  the  same  exactitude  for  the  soil-water-air  system.  Although 
the  soil  particles  may  be  variously  shaped,  the  indentures  and  other  irregular- 
ities on  their  surfaces  would  act  just  as  points  of  contact  accompanied  with 
interstitial  spaces,  so  that,  in  the  main,  the  surface  of  the  particle  would  be 
the  primary  factor  in  the  retention  of  water  against  any  force. 

SUMMARY 

With  these  points  in  view  we  may  conclude  that  the  salt  and  water  treat- 
ments have  increased  the  interior  surface  of  the  soils  from  2  to  40  per  cent, 
the  magnitude  of  the  increase  depending  upon  factors  which  have  already  been 
mentioned.    The  salts  alone  have  not  measurably  affected  the  interior  surface. 
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The  soil  physicist  has  been  very  much  interested  during  the  past  decade 
in  trying  to  find  sonie  constant  that  will  be  a  measure  of  the  physical  prop- 
erties of  soils  so  that  when  comparing  two  or  more  soils,  this  so-called  con- 
stant will  express  numerically  the  difference  that  may  exist  between  such 
soils. 

Comparatively  little  work  has  been  done  by  use  of  the  moisture-equiva- 
lent determination  and  since  some  writers  have  claimed  that  there  is  a  direct 
relation  between  the  mechanical  analysis  of  a  soil,  for  instance,  and  its  mois- 
tiure  equivalent,  it  was  thought  desirable  to  present  a  preliminary  report  at 
this  time  showing  some  results  that  have  been  obtained  in  the  laboratory  of 
the  division  of  soil  technology  of  the  University  of  California,  and  to  en- 
deavor to  offer  explanations  of  the  results. 

The  moisture  equivalent  was  determined  by  use  of  the  centrifuge  designed 
by  Briggs,  et  al,  (2,  3)  and  was  operated  at  a  speed  of  2400  revolutions 
per  minute  for  a  period  of  30  minutes.  This  machine  exerts  a  force  1000 
times  that  of  gravity  on  the  saturated  soil  contained  in  the  centrifuge  cups. 

The  mechanical  analysis  was  made  by  the  Bureau  of  Soils  method  (4,  6) 
and  special  care  was  exercised  to  insure  that  the  separation  into  the  seven 
groups  was  made  as  accurately  as  possible.  The  analysis  was  made  on  12 
different  soil  types  in  duplicate,  ranging  in  texture  from  coarse  sand  to  clay 
and  in  origin  from  residual  to  recent  alluvial.  All  of  the  particles  belonging 
to  the  same  group  were  combined  so  that  a  composite  sample  for  each  of 
these  seven  groups  would  be  obtained.  The  moisture  equivalent  for  these 
composite  groups  of  soil  particles  was  then  determined  in  duplicate  and  not 
calculated  indirectly,  as  most  previous  investigators  have  done. 

The  results  obtained  from  the  moisture-equivalent  determinations  of 
these  seven  grades  of  soil  particles  are  given  in  table  1. 

Specific-gravity  determinations  were  also  made  on  these  seven  grades. 
The  results  obtained  are  given  in  table  2  and  show  a  range  from  2.64  to  2.69 
and  seem  to  indicate  that  the  separation  by  the  mechani6il  analysis  gave 
seven  grades  of  soil  material  that  differed  mainly  in  the  size  of  the  particles 
constituting  any  one  group,  and  not  in  any  marked  variation  in  mineral 
content. 
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By  noting  the  results  obtained  for  the  different-sized  partides  making 
up  a  soil,  as  given  in  table  1,  it  can  readily  be  seen  that  textural  grade  has  a 
definite  influence  on  the  moisture  equivalent  of  the  soils  and  that  each  gnuk 
has  a  definite  capacity  for  holding  moisture. 

There  are  soils  in  the  western  part  of  the  United  States  which  contain  a 
large  proportion  of  particles  ranging  from  0.05  nmi.  to  2  mm.  in  size,  with  a 
relatively  small  amount  of  silt  and  clay.  They  are,  however,  capable  d 
holding  sufficient  moisture  for  the  successful  maturity  of  crops  such  as  grapes, 
in  regions  where  the  annual  rainfall  averages  below  15  inches  and  no  irriga- 
tion is  resorted  to. 

TABLE  1 
Results  obtained  in  moisture-equivalent  delerminadons 


TBXTDftAL  QKADB 


Fine  gravel. . . . 
Coarse  sand. . . 
Medium  sand. 

Fine  sand 

Very  fine  Band 

Silt 

Clay 


2.0    -1.0 
1.0    -05. 
0.50  -0.25 
0.25  -0.10 
0.10-0.05 
0.05  -0.005 
0.005-0.0001 


BXQinrft: 


fir  end 
1.18 
1.44 
1.85 
2.34 
4.62 
24.99 
61.03 


TABLE  2 
Results  obtained  in  specific  gravity  determinations 

TKXrUlAL  flRAllE 

Fine  gravel 

Coarse  sand 

Medium  sand 

Fine  sand 

Very  fine  sand 

Silt 

Clay 


2.67 
2.64 
2.64 
2.69 
2.66 
2.65 
2.66 


The  above  results  indicate  that  if  it  is  possible  to  use  the  mechanical  anal- 
ysis as  an  indirect  method  for  the  calculation  of  the  moisture  equivalent,  the 
investigator  must  give  to  each  textural  grade  a  definite  and  distinct  value 
and  not  disregard  the  sands,  or  group  three  or  four  grades  into  one.  * 

Three  synthetic  soils  were  then  made  up  from  these  grades  of  soil  partides, 
following  the  average  mechanical  analysis  for  these  three  soils  as  given  by 
the  United  States  Bureau  of  Soils  (8),  and  the  moisture  equivalent  was 
determined  for  these  synthetic  soils  by  the  usual  method.  Before  deter- 
mining the  moisture  equivalent,  however,  the  soils  were  allowed  to  stand  in 
a  moistened  condition  for  ten  days  to  allow  a  thorough  saturation  and  an 
adjustment  in  the  structure  of  the  soil  mass.  The  mechanical  analysis  and 
the  moisture  equivalent  of  these  synthetic  soils  are  shown  in  table  3. 
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Various  formulas  have  been  proposed  for  the  calculation  of  the  moisture 
equivalent  from  the  mechanical  analysis,  of  which  the  following  two  have 
received  the  most  prominence: 

Briggs  (5)  proposed  the  values 

0.02  sands  +  0.22  silt  +  1.05  clay  =  moisture  equivalent, 
and  Alway  and  Russell  (1) 

0.14  sands  +  0.27  silt  +  0.53  clay  =  moisture  equivalent. 

The  results  obtained  up  tg  this  time  in  our  laboratory  agree  more  closely 
with  the  latter  formula  than  with  the  former.  By  noting  the  results  given 
in  table  1  it  will  be  found  that  the  sands  total  0.11,  the  silt  0.25  and  the  clay 
0.61. 

TABLE  3 
Mechanical  analysis  and  moisture  equivalent  of  three  synthetic  soils 


Loam  soil 

Sandy  loam 

Fine  sandy  soil 


ferutA 
2 
4 

1 


OOAKSB 
SAND 


percMi 

5 

13 

4 


percent 

's 

12 

10 


percent 
15 
25 

57 


VKRY 

iiinE 

SAKD 


percent 
17 
13 

17 


percent 
40 
21 

7 


percent 

16 

12 

4 


TUSK 

EQUXVA- 

IXST 


percent 

21.02 

14.50 

6.65 


TABLE  4 
Determined  moisture  equivalent  compared  with  calculated  moisture  equivalent             « 

SOIL  TTFB 

CalcuUted 

Departure 

Loam  soil 

21.02 

14.50 

6.65 

20.86 

14.01 

6.32 

-0.16 

5>andv  loam  soil 

-0.49 

Fine  sandy  soil 

-0.33 

Taking  the  values  for  the  moisture  equivalent  as  determined  for  each 
separate  and  then  calculating  the  moisture  equivalent  by  using  these  values 
in  conjunction  with  the  mechanical  analysis  of  the  synthetic  soils  and  com- 
paring the  result  with  the  actual  moisture  equivalent  of  the  synthetic  soil,  the 
value  of  a  formula  can  be  tested.  The  averages  used  for  the  various  textural 
grades  on  the  basis  of  the  results  given  in  table  1  were:  fine  gravel  0.010, 
coarse  sand  0.015,  medium  sand  0.020,  fine  sand  0.020,  very  fine  sand  0.045, 
silt  0.250,  and  day  0.600. 

The  results  of  the  determined  moisture  equivalent  compared  with  the 
calculated  moisture  equivalent  for  the  three  synthetic  soils  are  given  in  table  4. 

If  the  sands  are  totaled  the  departure  of  the  calculated  moisture  equivalent 
from  the  determined  moisture  equivalent  is  much  greater  than  if  definite 
values  are  given  to  each  of  the  sand  groups,  as  was  done  in  the  table. 

The  results  given  in  table  4  show  that  the  calculated  moisture  equivalent 
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is  practically  the  same  as  the  determined  when  separate  values  are  given 
to  the  seven  individual  grades  of  texture,  and  not  when  determined  by  total- 
ing the  five  grades  of  sand  or  disregarding  the  sands  and  just  considering  the 
silt  and  clay  content  of  a  soil. 

A  mechanical  analysis  was  then  made  on  18  samples  of  soil,  the  moisture 
equivalent  determined  by  use  of  the  centrifuge  as  well  as  calculated,  and  the 
departure  noted.  The  calculated  mobture  equivalents  were  in  nine  cases 
below  the  determined  and  in  the  others  above.  The  departure  of  the  cal- 
culated moisture  equivalent  from  the  determined  ranged  from  —0.90  to  -[-2.94. 

On  a  similar  set  of  samples  (ten  in  number)  the  mechanical  anal3rsis  and 
the  moisture  equivalents  were  determined  by  some  advanced  students  in 
our  laboratory.  The  departure  of  the  calculated  moisture  equivalent  from 
the  determined  was  greater  than  that  foimd  in  the  previous  set  and  ranged 
from  -5.44  to  +  5.31. 

For  the  third  set  of  samples  the  mechanical  analysis  for  30  samples  of  soil 
were  obtained  from  the  report  of  the  Bureau  of  Soils,  The  Soil  Survey  of  the 
Ukiah  Area,  California.  Duplicate  samples  of  each  of  these  soils  were  in 
our  laboratory  and  the  moisture  equivalent  was  determined  on  them.  The 
calculated  moisture  equivalent  departed  from  the  determined  from  —0.57 
to  +  7.28. 

There  were  several  samples  of  special  interest  in  that  the  mechanical  anal- 
ysis was  practically  the  same,  yet  the  determined  moisture  equivalent  varied, 
considerably.  The  results  for  some  of  these  peculiar  samples  are  given  in 
table  5. 

The  mechanical  analyses  of  the  first  two  samples  given  in  table  5  are  al- 
most identical,  but  the  determined  moisture  e(]fliivalent  of  one  is  30.80  and 
for  the  other  35.82.  A  similar  condition  exists  for  the  other  two  samples 
noted  in  the  same  table. 

Taking  the  average  mechanical  analysis  of  several  representative  soil 
classes  as  given  by  the  Bureau  of  Soils  (8)  and  calculating  their  moisture 
equivalent  by  using  the  values  for  the  various  textural  grades  as  given  in 
table  1,  the  results  shown  in  table  6  were  obtained. 

Table  6  shows  that  from  the  average  of  a  large  number  of  mechanical 
analyses  there  is  a  direct  relation  between  texture  of  the  soil  and  its  moisture 
equivalent. 

Alway  and  Russell  state  (1)  ''If  the  mechanical  analysis  is  to  be  used  for 
the  indirect  determination  of  the  moisture  equivalent,  it  will  be  necessary 
at  least  in  the  case  of  some  widely-difiFering  soil  types  to  employ  several 
different  formulas." 

From  the  results  given  in  this  and  previous  publications  it  becomes  evident 
that  one  formula  will  not  hold  in  all  cases,  if  that  formula  is  calculated  by 
means  of  least  squares  as  was  done  by  Briggs  and  McLane  (2,  3)  or  by  direct 
determination  of  the  moisture  equivalent  for  the  various  se^rates,  as  was 
tried  in  this  laboratory. 
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One  factor  that  has  been  overlooked  by  most  investigators  has  been  the 
influence  of  the  shape  of  the  soil  particles  on  the  moisture  retentiveness  of 
soils  or  on  their  moisture  equivalent.  Free  states  (7),  "A  very  micaceous 
soil,  for  instance,  has  very  different  physical  properties  from  one  of  the  same 
mechanical  analysis  but  composed  of  particles  which  are  mainly  spheres  in- 
stead of  disks."  The  results  reported  in  this  paper  for  the  three  synthetic 
soils  show  that  the  calculated  moisture  equivalent  agrees  very  closely  with 
the  determined  moisture  equivalent,  keeping  in  mind  that  the  same  sepa- 

TABLE  5 
^Mechanical  analysis  and  moisture  equivalent  of  four  special  samples  of  soils 


DESCUFnON  OP  SAMnX 


Residual  surface  soil   (Climax 

clay  adobe) 

Residual  subsoil  (Climax  clay 

adobe) 

Recent    alluvial    surface    soil 

(Yolo  silty  clay  loam) 

Recent  alluvial   subsoil    (Yolo 

silty  clay  loam) 


liBOiAMICAL  ▲NALYSIS 


Fine 
gravel 


ferotni 
2 

1 
1 
2 


Coarse 


percmt 
2 
3 

a 

3 


Medium 
sand 


percent 
1 
1 
2 
2 


Fine 
sand 


percent 

6 

6 

8 

11 


Very 
fine 
•and 


percent 

9 

9 
14 
14 


Silt 


percent 
33 
34 
47 
45 


Clay 


percent 
47 
46 
25 
2.^ 


TintE 

EQUIV- 
ALENT 


Percent 
30.80 
35.82 
25.97 
21.33 


TABLE  6 
Calculated  moisture  equivalents  of  seven  soils 


MOISTUUE  EQUIVAKENT 
CAIX:ULAT]a> 


Coarse  sand 

Sandy  loam 

Fine  sandy  loam 

Loam 

Silt  loam 

Clay  loam 

Clay 


6.38 
14.00 
15.04 
20.85 
25.91 
26.11 
34.82 


rates  were  used  for  the  derivation  of  the  formula  as  were  used  in  making  the 
synthetic  soils.  When  one,  however,  applies  the  results  obtained  to  field 
soils  varying  widely  in  age  and  origin,  the  results  are  far  from  being  in 
agreement. 

It  was  thought  at  first  by  the  writer  that  it  would  be  possible  to  have  one 
formula  to  be  used  for  residual  soils,  another  for  "wind-laid,'*  another  for 
recent  alluvial,  etc. ;  which  might  take  care  of  the  shape  of  the  soil  particles. 
When  one,  however,  sees  how  the  surface  soil  of  residual  origin  as  given  in 
table  5  has  the  same  mechanical  analysis  as  the  subsoil  of  the  same  origin 
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and  yet  a  considerably  lower  moisture  equivalent,  while  on  the  other  hand, 
a  recent  alluvial  surface  soil  has  the  same  mechanical  analysis  as  its  subsoil 
yet  a  considerably  higher  moisture  equivalent,  it  is  evident  that  any  suggested 
formulas  for  calculating  a  constant  such  as  the  moisture  equivalent  from  the 
mechanical  analysis  of  soils  are  far  from  accurate. 

The  mechanical  analysis  just  considers  the  amounts  of  the  various-sized 
particles  in  a  given  soil,  while  the  moistiue  equivalent  as  determined  by  means 
of  the  centrifuge  gives  a  soil  constant  which  is  influenced  not  only  by  the 
size  and  amount  of  the  difiFerent  particles  present  in  a  soil,  but  also  by  the 
shape  of  the  soil  particles,  amount  of  organic  matter  present,  amoimt  of  soil 
colloids  present,  chemical  composition  of  the  soil,  etc. 

From  the  data  given  it  is  felt  that  while  the  moisture  equivalent  calculated 
from  the  mechanical  analysis  according  to  the  formulas  suggested  gives 
approximate  results,  nevertheless  they  are  far  from  accurate  for  scientific 
work,  and  it  will  be  necessary  to  make  an  actual  moisture-equivalent  deter- 
mination for  satisfactory  results. 
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The  investigation  of  the  water-soluble  plant-food  elements  in  soils  offers 
one  of  tjie  most  fruitful  methods  of  attacking  problems  in  soil  fertility.  Of 
these  elements,  considerable  interest  has  been  evinced  of  late  in  the  sulfur 
requirements  of  crops  and  the  use  of  sulfur  fertilizers.  A  number  of  recent 
articles  on  this  subject  suggest  that  possibly  the  sulfur  nutrition  of  plants  has 
not  received  sufficient  attention.  During  recent  investigations  in  this  labora- 
tory as  reported  by  Stewart  (4),  it  became  desirable  to  ascertain  the  exact 
amounts  of  sulfates  present  in  water  extracts  of  cropped  and  unaopped  soils 
at  all  seasons  of  the  year. 

For  a  correct  determination  of  the  elements  extracted  from  soils  by  water, 
the  usual  gravimetric  or  volumetric  methods  do  not  suffice,  owing  to  the 
minute  quantities  present.  The  first  compilation  of  special  methods  used  in 
the  analysis  of  water  extracts  of  soils  was  presented  by  the  Bureau  of  Soils 
(3)  in  1906.  Of  these  methods,  the  turbidity  method  for  sulfates  as  described 
by  the  authors,  Schreiner  and  Failyer,  was  first  used.  The  determination  of 
sulfates  by  this  method  consists  in  comparing  the  turbidity  produced  by  the 
addition  of  barium  chloride  to  the  water  extract  with  that  produced  in  a 
standard  sulfate  solution  treated  similarly.  After  a  thorough  trial  this  method 
was  discarded  by  us,  inasmuch  as  concordant  results  were  not  obtained. 
When  from  10  to  20  parts  per  million  of  sulfate  were  present,  fairly  accurate 
results  were  obtained  but  with  less  than  10  parts  per  million  the  results  were 
generally  30  to  40  per  cent  in  error. 

The  colorimetric  method  for  sulfate  as  described  by  Winkler  (5)  and  quoted 
by  the  Bureau  of  Soils  (3)  also  was  investigated.  This  method  consists  in 
precipitating  the  sulfate  as  barium  sulfate  by  means  of  barium  chromate  in 
acid  solution  and  upon  neutralizing,  an  amount  of  chromate  equivalent  to  the 
precipitated  sulfate  remains  in  solution.  This  is  estimated  by  comparison 
with  a  standard  chromate  solution.  Owing  to  the  fact  that  barium  chromate 
has  a  solubility  of  one  part  in  46,400  parts  of  water,  it  was  foimd  necessary 
to  correct  the  final  result  by  subtracting  8.2  parts  per  million  from  the  number 
of  parts  per  million  of  sulfate  found.  Since  nearly  all  the  soils  used  in  this 
investigation,  on  being  extracted  with  from  1  to  5  times  their  weight  of  water, 
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yielded  solutions  containing  less  than  8  parts  per  million  of  SO4,  the  use  of  this 
method  for  small  amounts  of  sulfate  was  undesirable. 

Our  attention  was  called  to  a  volumetric  method  for  the  estimation  cf  small 
amounts  of  sulfate  in  urine,  as  described  by  Raiziss  and  Dubin  (2).  This 
method  depends  upon  the  separation  of  the  sulfate  as  insoluble  benzidine 
sulfate  followed  by  titration  with  N/10  KMn04.  A  recent  publication  by 
Drummcnd  (1)  advocates,  titration  with  N/50  KOH.  The  permanganate 
titration,  however,  seems  preferable  for  very  small  amounts  of  precipitate, 
owing  to  the  fact  that  a  zelatively  larger  amount  of  permanganate  is  required 
for  titration  (approximately  17  times  more  N/50  KMnOO  than  N/50  KOH  for 
the  same  amount  of  benzidine  sulfate).  The  method  of  Raiziss  and  Dubin 
(2)  has  been  modified  by  us  for  the  determination  of  small  amoimts  of  sulfates 
in  water  extracts  of  soils.  In  the  investigations  referred  to  above  (4),  200  cc. 
of  a  1  to  5  extract,  representing  40  gm.  soil,  has  been  found  in  all  the  14  soils 
examined,  to  contain  sufficient  sulfate  for  a  convenient  determination,  using 
N/20  KMnOi.  The  amount  of  extract  employed  should  be  chosen  so  as  to 
contain  not  less  than  0.1  mgm.  nor  more  than  5.0  mgm.  of  SO4.  The  method 
follows. 

Evaporate  a  suitable  aliquot  to  dryness  in  a  200  cc.  casserole  en  the  steam 
bath.  Ignite  at  a  low  heat  to  destroy  organic  matter.  Take  up  with  about 
5  cc.  of  dilute  HCl  (1 : 9),  digesting  on  a  steam  bath  for  5  to  10  minutes.  Fil- 
ter through  a  5.5  cm.  filter  into  a  500-cc.  wide-mouthed  Erlenmeyer  flask, 
washing  with  several  successive  small  portions  of  hot  water  until  the  volume 
amounts  to  15  to  20  cc.  Cool.  Add  one  drop  of  phenolphthalein  indicator 
and  make  just  alkaline  with  NaOH  (10  per  cent).  Acidify  with  one  drop  of 
HCl  (1:4).  Add  10  cc.  of  benzidine  hydrochloride  (8  gm.  per  liter  of  water) 
and  allow  to  stand  15  minutes  with  occasional  shaking.  Filter  with  gentle 
suction  on  a  small  asbestos  pad  supported  by  a  porcelain  plate  in  a  glass  filter 
tube.  Wash  with  three  5-cc.  portions  of  cold  water.  Return  the  asbestos 
and  precipitate  to  the  flask  by  means  of  a  jet  of  water  and  make  the  volume  to 
about  200  cc.  Add  1  cc.  of  10  per  cent  NaOH  and  boil  for  5  minutes.  Cool  to 
room  temperature,  add  20  cc.  of  concentrated  H2SO4  and  titrate  with  N/20 
KMn04  until  a  pink  coloration  persisting  20  seconds  is  obtained.  During  the 
titration,  the  strong  yellow  color  which  first  appears  gradually  fades  and  the 
solution  becomes  practically  colorless  before  the  end  point  is  reached. 

Raiziss  and  Dubin  (2)  state  that  under  the  above  conditions  1  cc.  of  N/10 
KMnO*  equals  0.099  mgm.  of  S.  By  calculation,  1  cc.  of  N/20  KMn04 
equals  0.15  mgm.  of  SO4,  which  is  taken  as  the  factor.  Next  to  a  careful  ad- 
justment of  the  acidity,  the  most  important  precaution  has  been  foimd  to  be 
that  of  washing.  When  less  than  15  cc.  of  wash  water  were  used,  high  results 
indicated  that  the  excess  reagent  had  not  been  entirely  removed  while  washing 
much  in  excess  of  20  cc.  caused  low  results,  due  to  the  slight  but  appreciable 
solubility  of  benzidine  sulfate. 

In  order  to  test  the  accuracy  of  the  method,  sulfate  solutions  of  known  con- 
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centration  were  analyzed.  These  solutions  had  been  carefully  prepared  by 
dilution  of  stronger  solutions  checked  by  the  usiial  barium  chloride  method. 
These  results  as  well  as  6  analyses  of  a  typical  1  to  5  soil  extract  are  given  in 
table  1.  The  method  is  believed  by  us  to  be  more  dependable  than  the  tur- 
bidity or  colorimetric  methods  previously  described,  especially  for  relatively 
small  amounts  of  sulfate. 

TABLE  I 
DeUrmination  oj  svLfaie  by  volumetric  method 


ANALYSES  07  KNOWN  KLFTIONS 

ANALYSES  Of  A  SOIL 
EXTRACT 

N/20 

KMnOt 

SO« 

N/20 
KMnO« 

SOi 

KmS). 

so. 

N/20 

KBfna 

so. 

Tlreoretical 

u. 
1.0 
0.8 
0.9 

1.1 

0.9 

1.1 

1.0 

p.p.m. 

0.75 
0.60 
0.68 
0.83 
0.68 
0.83 
0.75 

u. 
10.0 
9.5 
9.6 
9.6 
9.8 
9.7 
9.7 

p.pm. 

7.50 
7.12 
7.20 
7.20 
7.35 
7.27 
7.27 

20.0 
19.6 
20.0 
19.9 
19.8 
19.9 
20.5 

p.pm. 
15.00 
14.70 
15.00 
14.92 
14.85 
14.92 
15.37 

cc. 

4.9 
4.8 
4.8 
4.7 
4.8 
4.7 

p.pm. 

PounH 

3  67 

FoMnd  

3.60 

Found 

3.60 

Found 

3.53 

Found 

3.60 

Found 

3.53 

Average 

0.97 

0.73 

9.65 

7.23 

19.95 

14.96 

Maximum  error 

Average  error 

20  per  cent 
3  per  cent 

5.0 per  cent 
3.5  percent 

2.5  per  cent 
0.25  per  cent 

STJMICARY 

The  volumetric  determination  of  smaU  amounts  of  water-soluble  sulfates  in 
soils  by  titration  of  the  precipitated  benzidine  sulfate  with  potassium  perman- 
ganate is  described. 

The  method  is  shown  to  have  an  average  error  of  3  per  cent  and  is  believed 
to  be  superior  to  colorimetric^or  nephlometric  methods,  especially  for  small 
amounts  of  sulfate. 
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INTRODUCTION 

The  root-nematode,  eel-worm  or  root-gallworm,  has  long  been  known  in  the 
United  States,  particularly  in  soils  of  the  South  and  occasionally  in  soils  of  the 
northern  states.  It  is  also*widely  distributed  in  greenhouses  and  the  direct 
or  indirect  damage  done  by  the  nematode  is  very  great.  Up  to  date,  an 
entirely  satisfactory  remedy  has  not  been  found,  consequently  this  aspect  of 
the  problem  oflFers  a  rich  field  for  investigation.  At  the  outset,  then,  it  was 
necessary  to  consider  all  possible  phases,  and  as  a  result  certain  points  are 
revealed  in  this  study  which  are  of  general  interest,  but  these  do  not  directly 
affect  or  concern  the  problem  of  practical  control. 

Since  the  discovery  of  the  root-nematode  in  1855  by  Rev.  M.  J.  Berkeley, 
it  has  been  reported  as  occurring  on  480  different  species  of  plants,  some  of 
which  are  the  tomato,  celery,  beet,  lettuce,  lima  bean,  radish,  spinach,  egg- 
plant, gardenia,  carnation,  sweet-pea,  rose,  violet,  ginseng  and  other  plants 
which  are  not  so  common. 

Nematode  infestation  becomes  noticeable  when  the  plants  show  dwarfing 
and  have  a  general  unhealthy  appearance.  In  some  cases,  however,  infesta- 
tion is  not  apparent  until  the  roots  are  examined.  An  infested  root  is  usually 
enlarged  at  the  tip  as  a  result  of  the  irritation  produced  by  the  nematode. 
In  this  respect  it  differs  from  the  round  and  lateral  tubercles  of  bacteria  for- 
mation, and  furthermore,  the' swellings  due  to  the  root-nematode  are  elongated 
and  pear-shaped. 

The  larva,  or  early  stage  in  the  animal's  development,  is  a  slender  trans- 
parent eel-like  organism  which  moves  about  by  a  whipping  process.  In  a 
liquid  containing  no  sediment  this  thrashing  about  does  not  produce  a  change 
of  location  while  in  a  solution  containing  small  particles  the  thrashing  results 
in  locomotion  due  to  friction  against  the  particles.  The  larva  is  about  400/i 
or  approximately  0.5  mm.  in  length  aind  nearly  15/i  in  width.  It  is  colorless, 
but  the  body-wall  and  particles  of  food  within  the  animal  serve  to  differentiate 
it  from  the  medium  in  which  it  is  located.  The  larva,  on  hatching  from  the 
egg,  searches  for  a  growing  root  and  upon  finding  it,  enters  at  the  growing  tip 
and  a  gall  is  subsequently  formed.    Many  larvae  may  enter  a  single  root  but 
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the  size  of  the  gall  and  the  number  of  laxvae  within  are  not  necessarily  corre- 
lated. 

While  in  the  root,  the  larvae  undergo  several  molts  and  become  true  males 
and  females.  The  mature  male  is  similar  to  the  larva  inform  and  appearance. 
It  is,  however,  much  larger,  being  about  1400/x  in  length  and  30/i  in  thickness 
(fig.  1).  The  female  becomes  pear-shaped  and  is  from  400  to  1000/x  in  length, 
of  a  pearly  white  color.  After  being  fertilized  by  the  male  the  eggs  begin  to 
form. 

Brown,  oval  eggs  are  forced  out  by  the  female.  These  eggs  measure  about 
90m  i^  length  and  40/*  in  thickness.  Repeatedly,  larvae  were  observed  coiled 
within  the  thick  shell  of  the  egg.     (Fig.  1.) 

Under  average  greenhouse  temperatures,  the  eggs  hatch  in  5  days  and  the 
newly-hatched  larvae  may  immediately  attack  susceptible  plants.  The  entire 
life-cycle  in  a  greenhouse  is  completed  in  about  30  days. 

The  larvae  are  capable  of  encysting  and  thereby  capable  of  resisting  adverse 
conditions,  such  as  drought  and  certain  chemicals.  The  eggs  are  likewise 
very  resistant  and  this  stage  is  able  to  withstand  many  strong  chemicab. 

Before  1898  (10)  very  little  attention  had  been  given  to  the  study  of  nema- 
tode control;  the  limited  amount  of  investigation  before  this  period  dealt 
mainly  with  the  morphology  and  physiology  (1).  From  the  standpoint  of 
control,  steam  sterilization  and  some  chemicals  have  been  tested  (2,  3,  7,  8). 
Satisfactory  control  is  claimed  by  steam  sterilization  of  the  soil  but  this  method 
is  in  many  cases  impossible  or  at  least  impracticable.  A  large  number  of 
chemicals  (8,  10)  has  been  tried  hvk  so  far  as  known  none  has  given  satis- 
factory results.  In  view  of  the  above  facts,  it  was  thought  necessary  to  con- 
sider all  phases  of  .this  problem  that  time  would  permit. 

EXPERIMENTS 

Moisiure 

The  first  experiment  tried  was  to  determine  the  effect  of  moisture  on  root- 
nematode  activity. 

In  the  preliminary  experiments  with  moisture  it  was  seen  that  galls,  taken 
from  infested  gardenia  plants  and  placed  in  water  over  a  source  of  mild  heat, 
produced  very  active  nematodes.  For  further  study  gaUs  of  approximately 
the  same  size  (3.5  x  3  mm.)  were  thoroughly  washed  in  distilled  water  and 
placed  singly  in  stender  dishes  and  each  was  treated,  in  a  duplicate  series, 
with  diflferent  quantities  of  distilled  water  and  maintained  at  a  constant 
temperature  for  72  hours  and  examined  under  the  low  power  of  a  microscope 
at  different  intervals  of  time.  All  observations  were  from  1  hoiu-  to  72  hours. 
The  results  were  the  same  at  the  end  of  1  hour  as  at  the  end  of  72  hours.  The 
observations  are  given  in  table  1.  In  the  table,  Series  A  and  B  are  duplicates 
and  have  the  same  treatment. 
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Another  moisture  experiment  was  made  to  confirm  the  preliminary  one. 
This  was  nm  in  triplicate  series,  each  series  having  the  same  treatment. 
Results  are  given  in  table  2. 

It  can  be  seen  from  table  2  that  the  activity  of  the  root-nematode  is  in- 
creased, the  temperature  remaining  constant,  with  an  increase  in  moisture 

TABLE  1 
Ejfed  of  moisture  on  rooU-nemalode  activity  {at  2I**C.) 


WATKB 

BBBIE8  A 

BKRIE8  B 

ce. 

0.0 

Inactive 

Inactive 

0.1 

None  out 

None  out 

0.2 

Very  few  out  and  slightly  active 

None  out 

0.3 

Very  few  out  and  active 

Few  out  and  slightly  active 

0.4 

Very  few  out  and  active 

Few  out  and  slightly  active 

0.5 

Many  out  and  active 

Many  out  and  very  active 

0.6 

Many  out  and  not  active 

Many  out  and  few  active 

0.7 

Immerged,  few  slightly  active 

Immerged  but  inactive 

0.8 

Immeiged  inactive 

None  seen 

0.9 

None  seen 

None  seen 

1.0 

None  seen 

None  seen 

2.0 

None  seen 

None  seen 

5.0 

None  seen 

None  seen 

10.0 

None  seen 

None  seen 

TABLE  2 
Effect  of  moisture  on  root-nematode  activity  (at  lO^C) 


WATKB 

BBBIE8  A— LABVA 

SEBIBS  B— LABV<« 

SXBIBS  C— 1.ABVA 

ec. 
0.0 

Inactive 

Inactive 

Inactive 

0.2 

On|B  out  and  active 

One  out  and  active 

None  seen 

0.3 

Slightly  active 

Slightly  active 

Slightly  active 

0.4 

Some  very  active 

Slightly  active 

Some  very  active 

0.5 

Many  very  active 

Many  active 

Some  very  active 

0.6 

Many  very  active  • 

Many  active 

Some  very  active 

0.7 

Many  very  active 

Many  active 

SlighUy  active 

0.8 

Few  active 

Slightly  active 

None  seen 

0.9 

None  seen 

Slightly  active 

None  seen 

1.0 

SlighUy  active 

Slightly  active 

Inao^ve 

until  an  optimum  moisture  content  is  reached,  and  when  continued  above 
that  point  the  activity  is  decreased. 

In  the  above  experiments,  sterile  water  was  used  in  order  to  eliminate  the 
toxic  substances,  such  as  chlorine,  copper  salt,  etc.,  found  in  tap  water.  This 
introduced  another  factor — ^that  of  plasmolysis.  It  was  suggested  that  the 
concentration  of  sterile  water  was  below  the  concentration  of  the  liquid  in  the 
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body  of  the  nematode  and  therefore  plasmol3^is  might  occur.  This  theory 
was  tested  by  placing  gardenia  galls  in  a  series  of  stender  dishes  containing 
sterile  water  and  a  similar  series  using  water  extracted  from  the  soil — ^the 
natural  solution  in  whjch  the  nematode  normally  lives.  It  was  observed  that 
the  results  from  both  solutions  (0.2  to  1.0  cc.)  compared  very  closely. 

This  proved  that  sterile  water  had  no  plasmolyizing  effect  used  in  rates 
up  to  1  cc,  and  that  the  experiments  were  therefore  sufficiently  accurate. 

Also,  in  connection  with  this  experiment  it  was  thought  that  because  a 
definite  number  of  larvae  were  not  used  in  each  stender  dish  results  would  not 
be  accurate.  This  possibility  of  error  was  dismissed  on  the  ground  that 
sufficient  numbers  (200  to  400)  of  larvae  were  present  in  each  dish  to  give  safe 
averages.  In  every  test  the  gall  was  crushed  in  order  to  reveal  the  dormant 
larvae  in  observations  recorded  as  "none  seen."  The  fact  that  some  lan^ae 
emerged  and  others  did  not  may  be  due  to  their  location  in  the  gall,  that  is, 
some  of  them  were  not  near  enough  to  the  surface  of  the  root  to  be  aflFected 
by  the  moisture.    The  galls  became  submerged  with  0.7  cc.  of  water. 

If  in  the  above  tables  on  moisture,  ''inactivity"  nxeans  death,  then  flooding 
the  soil  might  offer  a  remedy  for  nematode  infestation.  Furthermore,  it 
has  previously  been  observed  in  the  South  that  the  root-nematode  does  not 
occur  in  bogs  or  water-soaked  lands.  Many  observers  have  noticed  that  the 
nematode  occurs  mostly  in  sandy  soils  and  not  in  clays.  This  may  be  due  to 
the  fact  that  sand  does  not  retain  water  for  any  considerable  length  of  time 
and  thus  allows  sufficient  aeration  for  the  nematode.  On  the  other  hand, 
clay  soils  retain  moisture  and  thus  reduce  the  amount  of  air  held.  For  the 
majority  of  cases,  therefore,  flooding  was  considered  impracticable,  and  an 
unsatisfactory  control,  except  perhaps  under  special  conditions,  and  was 
dismissed  from  further  consideration. 

Temperature 

The  next  test  made  was  to  determine  the  effect  of  temperature  on  nematode 
activity. 

As  in  the  experiment  on  moisture,  gardenia  galls  of  approximately  the  same 
size  (3  mm.  x  3.5  mm.)  were  immersed  in  0.4  to  1.0  cc.  of  distilled  water  and 
triplicate  series  placed  itnder  three  different  temperatures.  To  keep  the 
moisture  constant  the  stender  dishes  were  placed  in  tin  trays  containing  water, 
and  were  covered  with  cheese-cloth  which  rested  in  the  water  and  was  kept 
moist  by  capillary  attraction. 

Series  I  was  placed  out-of-doors,  sheltered  from  rain.  The  temperature 
averaged  about  8.8°C.,  or  48°F. 

Series  II  was  placed  in  an  electric  incubator  at  a  temperature  from  36.6' 
to  38.8°C.,  or  98°  to  102°F. 

Series  III  was  placed  in  a  greenhouse  at  a  temperature  of  26.6**C.,  or  SOT. 

The  contents  of  all  dishes  were  examined  at  the  end  of  24  hours  under  the 
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low  power  of  a  microscope.  The  results  are  given  in  table  3.  Here  again 
Series  A,  B  and  C  have  the  same  treatment. 

In  the  above  table  "none  out"  and  "none  seen"  indicate  that  no  larvae 
had  emerged,  but  at  the  end  of  this  experiment  each  gall  was  crurshed  and 
inactive  larvae  were  f  ouad. 

The  observations  recorded  in  table  3  seem  to  warrant  the  conclusion  that 
the  optimum  temperature  for  the  nematode  is  between  65*^  and  SS^'F.  Gen- 
erally speaking,  temperatures  above  65®F.  increase  nematode  activity,  and 
temperatures  below  dS'^F.  and  above  85®F.  decrease  nematode  activity.  The 
animal  may  be  killed  by  freezing  (32*'F.),  and  by  heating  to  lOl'^F.  the  larvae 
and  eggs  are  killed. 

TABLE  3 
Efect  of  temperature  on  root-nematode  activity 


1 

iCatS-SV) 

ii(at36.6'to38.8«c.) 

ni  (AT  26.6V) 

oe. 
0.4 

Out  and  active 

Out  and  inactive 

Out  and  inactive 

Series  A  . . . 

0.6 

Out  and  active 

Out  and  inactive 

None  out 

0.8 

None  out 

Out  and  inactive 

Out  and  slightly  active 

1.0 

Out  and  active 

Out  and  slightly  active 

Out  and  slighdy  active 

' 

0.4 

Out  and  active 

Out  and  inactive 

Out  and  very  active 

Series  B  . . . 

0.6 

Out  and  active 

Out  and  inactive 

Out  and  very  active 

0.8 

Out  and  active 

Out  and  inactive 

Ou^  and  very  active 

' 

1.0 

Out  and  active 

None  out 

Out  and  very  active 

0.4 

Out  and  active 

None  out 

Out  and  very  active 

Scries  C  . . . 

0.6 

Out  add  active 

Out  and  active 

Out  and  very  active 

0.8 

Out  and  active 

Out  and  inactive 

Out  and  very  active 

r.b 

Out  and  active 

None  seen 

Out  and  very  active 

The  above  results  suggested  that  raising  the  temperature  of  the  greenhouse 
soil  to  101  °F.  would  kill  the  larvae  and  eggs.  This  however  did  not  appear 
to  be  practicable  for  most  greenhouses.  High  temperature  may  be  applied 
with  some  degree  of  success  at  least,  by  exposing  infested  soil  to  the  hot  rays 
of  the  sun  and  turning  it  over  to  insure  thorough  sterilization. 

Chemicals 

Failing  to  discover  a  satisfactory  remedy  for  nematode  attack  in  the  study 
of  moisture  and  temperature  conditions,  attention  was  next  directed  to  the 
study  of  chemicals.  At  the  outset  it  was.  seen  that  a  great  many  of  the  favor- 
ite chemicals  used  in  soil  sterilization  could  be  omitted,  for  J.  A.  McClintock  (8) 
has  shown  that  the  nematode  could  not  be  satisfactorily  combated  by  any  of 
the  following:  carbon  disulfide,  corrosive  sublimate,  calcium  carbide,  anrnio- 


Digitized  by 


Google 


486  WILLIS  p.  DURUZ 

nium  sulfate,  formalin,  nicotine,  benzine  or  kerosene.  Furtheimore,  Stone 
and  Smith,  in  Massachtisetts  (10),*demonstrated  that  the  following  chemicals 
are  ineffective:  manganese  sulfate,  common  salt,  potassium  nitrate,  magne- 
sium sulfate,  calcium  sulfate,  kainit,  sodium  nitrate  and  lime. 

The  recent  success  with  sodiiun  cyanide  (NaCN)»  obtained  by  Dr.  T.  J. 
Headlee  of  the  New  Jersey  Agriqpltural  Experiment  Station,  as  a  soil  sterilizer 
in  the  control  of  wire-worms  suggested  that  the  same  treatment  might  be 
used  in  combating  the  root-nematode. 

Gardenia  galls  were  placed  in  stender  dishes  as  in  experiments  with  ftioisture 
and  temperature  and  treated  with  amounts  of  cyanide,  ranging  from  0.7071  gm. 
to  0.0707  gm.  dissolved  in  10  cc.  of  water,  giving  solutions  from  0.7  to  7  per 
cent  concentration.  On  standing  48  hours  the  larvae  had  completely  dis- 
appeared. This  disappearance  may  have  been  due  to  disintegration.  The 
eggs  also  were  attacked  and  made  colorless. 

Ttte  above  experiment  was  repeated  in  duplicate,  with  2  mg.  NaCN  dis- 
solved in  0.5  cc.  of  water  (shown  by  the  first  experiment  to  be  the  approxi- 
mate optimum  moisture).    The  results  are  given  in  table  4. 

TABLE  4 
Sodium  cyanide  treatment  (at  18^C.) 


A— LARVH 

B--LARTA 

1 

2 

3 

Check  (no  NaCN) 

None  out 
Dead 
Dead 
Ver>'  active 

Dead 
Dead 
Dead 
Slightly  active 

On  crushing  the  gall  in  the  cylinder  lA,  the  larvae  were  found  to  be  dead. 
This  test  shows  conclusively  the  high  killing  effect  of  cyanide  on  the  larvae. 
This  strength  of  cyanide  (25  per  cent)  did  not  affect  the  eggs. 

Sphagnum  Moss 

It  has  been  noticed  that  roots  of  plants  growing  in  sphagnum  moss  did  not 
become  infested  with  nematodes  while  roots  on  the  plants  not  in  sphagnum 
moss  became  infested. 

This  interesting  point  was  summarily  tested.  Dry  sphagnum  moss  was 
placed  in  a  beaker  of  distilled  water  and  boiled  for  10  minutes.  The  mixture 
was  then  filtered  and  the  moss  extract  applied  at  the  rate  of  0.5  cc.  to  gardenia 
galls  in  stender  dishes  as  in  previous  experiments.  The  observations  showed 
that  the  moss  extract  killed  the  larvae  (table  5). 
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TABLES 
Efect  of  sphagnum  moss  extract  trealmenl  {at  IS^C.) 

cc. 

A 

B 

1 

2 

3 

Check 

0.5 
0.5 
0.5 

Dead 
Dead 
Dead 
Very  active 

Dead 
Dead 
Dead 
Very  active 

Formaldehyde 

A  similar  experiment  was  also  tried  with  40  per  cent  formaldehyde  and  the 
results  are  given  in  table  6. 
This  demonstrates  the  high  killing  effect  of  formaldehyde. 

TABLE  6 
Effects  of  formaldehyde  {40  per  cent)  treaimeiU  {at  IS^C.) 


cc. 

A— LARTJB 

B— LABTJB 

1 

2 

3 

Check 

0.5 
0.5 
0.5 

Dead 
Dead 
Dead 
Very  active 

Dead 
Dead 
Dead 
Very  active 

DISCUSSION  OF  RESULTS 

The  root-nematode  (Heterodera  radicicola)  has  been  a  serious  pest  to  plants 
growing  in  certain  soils  and  particularly  in  greenhouse  soils.  The  investi- 
gations concerning  this  pest  have  been  mainly  morphological  and  the  attempts 
to  control  it  h^ve  thus  far  not  given  entirely  satisfactory  results.  £team 
sterilizaiion  of  the  soil  does  give  complete  control  where  it  can  be  practically 
applied  and  with  thoroughness,  but  the  average  conditions  do  not  ofifer  a 
way  for  the  application.  For  example,  greenhouses  fitted  for  hot-water  heat- 
ing are  not  adapted  to  the  use  of  steam.  It  was  for  such  a  condition  that  the 
attempt  was  made  to  find  another  method. 

The  first  experiment  was  to  determine  the  effect  of  moisture  upon  the 
nematode  and  it  was  observed  that  moisture  is  a  necessity  for  activity  but  if 
the  water  content  is  in  excess,  then  the  animal  becomes  inactive.  So  there 
is  an  optimum  moisture  for  the  nematode. 

An  eiperiment  to  test  the  effect  of  temperature  demonstrated  that  the 
nematode  is  inactive  at  comparatively  low  temperatures  and  at  high  tempera- 
tures, and  its  greatest  activity  is  at  a  temperature  from  65**  to  85**  F.  So 
there  is  also  an  optimum  temperature. 

The  recent  success  with  sodium  cyanide  suggested  this  treatment  as  a 
possible  remedy  and  it  was  found  to  be  very  effective  in  killing  the  larvae 
and  in  a  moderately  concentrated  solution  to  destroy  the  egg  stage.  * 
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Similarly  sphagnum  moss  extract  and  formaldehyde  were  found  to  be  toxic 
to  the  nematode. 

GREENHOUSE  EXPERIMENTS 

The  satisfactory  results  of  different  treatments  in  the  laboratory  led  to 
experiments  with  soil  in  the  greenhouse.  Fortunately,  a  very  thoroughly 
infested  greenhouse  bench  oflFered  itself  for  the  experiment.  This  bench  had 
just  produced  tomato  plants  which  were  thoroughly  infested  with  nematodes. 

The  tomato  plants  were  removed  and  the  soil  raked  dean  of  the  roots  and 
other  objectionable  materials  and  tutned  over  thoroughly.  Next  the  bench 
was  divided  into  7  plots,  each  separated  by  5  inches  of  air  space  to  prevent 
migration  of  nematodes  from  one  plot  to  another. 

Plots  2,  4  and  7  were  used  as  check  plots.  Plots  1  and  3  were  treated  with 
sodium  c)ranide  (NaCN)  at  the  rates  of  100  pounds  and  200  poimds  per  acre 
(or  0.036  ounce  and  0.072  ounce,  respectively).  The  cyanide  was  dissolved 
in  water  at  the  rate  of  1  gallon  of  water  to  ^  ounce  and  tV  ounce  of  C3ranide, 
respectively. 

The  solution  was  applied  to  the  soil  with  a  sprinkling  can  at  the  rate  of 
I  gallon  per  square  foot  of  soil,  and  at  the  same  time  the  soil  was  turned  back 
and  then  thrown  over  to  cover  the  solution.  In  this  way  every  partide  of 
soil  received  the  same  strength  of  the  solution.  After  4  days,  the  soil  was 
broken  up  and  aerated. 

Another  similar  application  was  made  to  these  two  plots  5  days  after  the 
first  application.  This  was  done  on  the  theory  that  the  eggs  of  the  animal 
might  have  resisted  the  first  application  and  the  larvae  would  have  hatched 
at  the  end  of  5  days  under  the  greenhouse  temperature  (70^*  to  80°  F.)  and 
would  be  killed  by  the  second  application  of  cyanide. 

At  the  end  of  3  days  these  soils  were  turned  over  and  completely  aerated 
to  remove  all  traces  of  cyanide  gas.  The  soil  in  these  and  check  plots  was 
all  the  time  kept  moist  and  in  good  tilth.  At  the  end  of  another  3  days 
(February  7,  1917)  these  two  plots  and  the  check  plots,  No.  2  and  4,  were 
planted  to  cucumbers,  radishes  and  tomatoe3.  Mice  attacked  the  seeds  and 
necessitated  replanting  the  cucumbers  and  radish  seeds. 

At  this  time  it  was  thought  that  the  mice  might  have  carried  some  particles 
of  soil  from  the  invested  check  plots,  so  note  was  made  of  this  partly  to  exjrfain 
any  error  that  might  occur. 

Plots  5  a«nd  6  were  treated  with  sodium  cyanide  at  the  rates  of  SO  and  100 
pounds,  respectively,  to  ascertain  whether  a  weaker  application  would  control 
the  nematode,  as  labbratory  experiments  seemed  to  show,  and  whether  or 
not  one  treatment  would  be  sufficient.  The  same  method  of  cyanide  applica- 
tion was  used  as  with  plots  1  and  3.  Plot  7  was  reserved  as  a  check  plot. 
These  plots  were  aerated  3  days  after  and  planted  6  days  after  the  application 
to  lettuce,*  radishes,  and  tomatoes. 
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The  percentage  of  seed  germination  was  good  and  the  seedlings  grew  well 
for  about  3  weeks,  when  it  became  evident  that  they  were  not  making  average 
growth.  Then  it  was  realized  that  the  soil  wai$  low  in  available  nitrogen  and 
tankage  was  subsequently  applied  at  the  rate  of  10  gm.  per  square  foot  (or 
approximately  800  pounds  per  acre).  In  a  few  days  the  plants  began  to  show 
the  effect  and  made  a  rapid  growth. 

While  waiting  fof  the  plants  in  these  plots  to  majce  sufficient  growth  to 
observe  results,  several  otrier  experiments  were  perfcteied. 

The  question  of  the  effect  of  the  application  of  sodium  cyanide  on  plants 
growing  in  soil  was  tested  by  potting  up  4  infested  tomato  plants  in  infested 
soil  atnd  allowing  them  to  grow  under  normal  conditions  for  2  weeks.  One 
of  these  plants  was  treated  with  cyanide  dissolved  in  water  and  applied  at  the 
rate  of  50  pouzids  per  acre  and  another  at  100  pounds  per  acre,  which  were 
amoimts  found  to  kill  the  nematode  in  the  laboratory.  The  remaining  two 
plolts  were  u^d  as  checks.  The  plants  in  the  treated  pots  wilted  at  the  crown 
at  the  end  of  one  day,  and  at  the  end  cJf  5  days  were  completely  dead,  while 
the  check  plants  grew  as  normally.  Galls  were  examined  from  all  plants  and 
the  nematode  larvae  in  thfem  were  found  to  be  alive  and  very  active. 

The  results  of  the  greenhouse  experiments  were  recorded  from  the  time  the 
plants  had  made  a  growth  of  6  incl^s  up  to  the  time  when  they  were  10  inches 
high  (April  21,  1917).  The  plants  were  18  weeks  old  at  the  time  the  final 
observations  were  recorded  (table  7). 


TABLE  7 
Greenhouse  experiments  with  cyanide  treatment 


Ill 

Plot  1 

Plot  2 

Plots 

Plot  4 

Plots 

Plote 

Plot: 

DATB 

Galls 

Galls 

Galls 

Galls 

Galls 

Galls 

Galls 

S* 

M 

L 

S 

M 

L 

S 

M 

L 

S 

M 

L 

8 

M 

L 

s 

M 

L 

s 

M 

L 

March  31,  1917... 

20 

56 

9 

0 

148 

10 

0 

0 

0 

0 

101 

15 

0 

8 

3 

0 

17 

0 

0 

125 

7 

0 

Ai^l  11,1917.... 

18 

30 

9 

1 

130 

9 

7 

2 

0 

0 

40 

0 

0 

15 

0 

0 

60 

2 

0 

37 

0 

0 

Aprill8,1917.... 

15 

35 

7 

0 

100 

3 

4 

1 

0 

0 

36 

0 

0 

19 

0 

0 

130 

3 

0 

110 

0 

0 

April  21, 1917.... 

27 

30 

3 

10 

120 

7 

13 

0 

0 

0 

57 

2 

2 

30 

0 

0 

110 

3 

2 

130 

10 

15 

*S  =  small        M  =  medium 


large 


This  experiment  demonstrated  that  cyanide  to  be  effective  must  be  applied 
in  larger  quantities  than  100  pounds  per  acre  to  kill  the  larvae,  and  under  such 
applications  the  soil  must  be  free  from  growing  plants.  As  shown  by  the 
previous  experiment,  seed  will  germinate  and  plants  will  grow  weU  in  soil 
which  has  been  treated  with  sodium  cyanide  used  as  high  as  200  pounds  per 
acre  in  two  applications,  and  wUich  has  been  well  aerated  after  the  application. 

The  table  of  observations  shows  that  the  treatment  of  200  pounds  of  c)^anide 
per  acre  followed  by  a  second  treatment  5  days  later  gives  nearly  a  perfect 
control.    Out  of  80  plants  examined  only  3  galls  were  found.    This  is  plainly 
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within  experimental  error  and  the  results  warrant  the  recommendation  of 
this  method  of  steriUzation. 

Due  to  the  fact  that  the  treated  and  u3itreated  plots  were  so  dose  together, 
some  of  the  particles  of  soil  and  water  carrying  the  nematodes  could  easily 
have  been  transmitted  from  one  plot  to  the  other. 

There  was  no  apparent  difference  in  growth  of  plants  in  the  various  plots. 
They  all  were  very  healthy-looking  at  18  weeks  after  the  seed  was  pkmted. 
The  experiment  was  then  discontinued. 

SUMMARY 

1.  A  serious  pest  to  plants,  growing  in  warm  soils  and  especially  in  green- 
house soils,  is  the  root-nematode  (Heterodera  radicicda)  sometimes  called  the 
eel-worm  or  root-gallworm. 

2.  This  parasite  is  a  minute  organism  which  penetrates  the  roots  of  plants 
causing  them  to  become  enlarged  and  deformed,  and  resulting  in  a  hindrance 
to  growth. 

3.  The  nematodes  may  be  distributed  by  their  own  motion,  by  water,  in 
soil  clinging  to  implements,  by  infested  plants  transferred  to  an  uninfested  soil, 
by  seed,  by  cuttings,  and  by  manure. 

4.  The  foUowing  conditions  are  necessary  for  their  growth  and  reproduction: 
(a)  an  optimum  moisture,  (b)  an  optimiun  temperature,  (c)  food,  and  (d) 
oxygen. 

5.  The  following  were  found  to  decrease  nematode  activity  and  may  be 
applied  as  methods  of  control:  (a)  excess  of  moisture,  (b)  high  temperature 
(101°F.),  (c)  formaldehyde,  (d)  sphagnum  moss  extract,  and  (e)  sodium 
cyanide  (NaCN)  dissolved  in  water. 

6.  In  experiments  with  greenhouse  soils  the  following  treatment  gave  a 
satisfactory  and  practical  remedy  for  nematode  infestation: 

Sodium  cyanide  dissolved  in  water  is  applied  in  the  proportion  of  200 
poimds  per  acre,  one-third  gaUon  per  square  foot  of  soil.  One  week  after  the 
first  treatment  a  second  similar  treatment  is  given.  This  method  is  for  soils 
free  from  plants.  The  soil  should  be  aerated  and  leached  well  before  seed  or 
plants  are  put  into  it  in  order  to  remove  the  greater  amount  of  cyanide  gas. 

7.  The  cost  of  materials  for  this  treatment  is  $112  per  acre.  For  green- 
house soils  where  steam  sterilization  is  impracticable  this  is  a  remedy  which 
is  to  be  recommended. 

CONCLUSIONS 

The  object  of  our  study  is  thus  accomplished.  A  satisfactory  and  practical 
control  for  the  soil  nematode  is  found  in  sodium  cyanide. 

In  treating  nematode-infested  soil,  the  number  of  square  feet  of  soil  should 
first  be  determined.  The  number  of  pounds  of  cyanide  should  then  be  cal- 
culated cm  the  basis  of  200  pounds  per  acre.    Next,  the  amount  of  water, 


Digitized  by 


Google 


CONTROL  OF  THE  ROOT-NEMATODE  491 

figured  on  the  basis  of  f  gallon  per  square  foot  of  soil,  should  be  determined. 
Dissolve  the  cyanide  in  the  proper  amount  of  water  and  apply  the  solution 
to  the  soil  with  a  sprinkler.  The  soil  should  be  well  mixed  and  kept  slightly 
moist  and  warm  for  5  or  6  days  before  the  treatment  in  order  to  bring  the 
larvae  from  their  cysts  and  therefore  render  them  more  susceptible  to  the 
treatment.  The  third  day  after  the  first  treatment  the  soil  shoidd  be  stirred 
and  aerated  slightly.  The  same  favorable  conditions  for  nematode  activity 
should  be  maintained  imtil  after  the  second  treatment.  About  one  week 
after  the  first  treatment  the  second  application  determined  in  the  same  manner 
should  be  given. 

Of  course,  all  plants  should  be  removed  from  the  soil  before  the  application 
of  cyanide,  for  most  plants  succumb  to  such  a  treatment.  Before  any  seeds 
are  planted  or  plants  set  in  the  sterilized  soil,  the  soil  should  be  thoroughly 
aerated  and  leached  somewhat  to  remove  the  traces  of  cyanide  gas. 

Using  this  method  of  soil  sterilization,  the  cost  of  the  cyanide  used  would 
be  400  pounds  at  $.28  per  pound,  or  $112.  For  greenhouse  soil  sterilization, 
this  is  an  economical  and  entirely  staisfactory  investment. 
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Figs.  1  to  6.    Development  of  Free-Living  Nematode 
Fig.   7.  Young  Larva 
Fig.   8.  Immature  Female 
Fig.  9.  Mature  Female 
Fig.  10.  Mature  Male 
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Famous  Frederick  County  Lime 
LIME  KILN,  MD. 

C.  T.  RUSSELL 

Manufacturer  of  Crushed  Oyster  Shells  for 
Poultry  and  Oyster  SheU  Lime 

Office  and  Works 

Foot  of  Jersey  Avenue 

(Central  R.  R.  Freight  Yard) 

P.  O.  Box  25  JERSEY  CITY,  N.  J. 

Steacy  &  Wilton  Company 

Msnttfsctnrers  of 

"Sterling''  Brand  Hydrated  Lime 

WRIGHTSVILLE  PENNA. 

CHARLES  WARNER  COMPANY 

lianof  scturers  of  Warner's 


-Wiem 


(Pun  "Cedar  HoUow"  HyiraUi  Lime) 

I  ALSO  FINELY  PULVERIZED  LDCBSTONE 

WUm'n,  Del.       PhiUda.,  Pa.       N.  Y.  City 


THE  Journal  of   the    Association 
OF  Official  Agricultural  Chem- 
ists embraces  the  valuable  revised 
and  official  methods  of  Analysis. 

Chemists  pronounce  the  Journal  as  the 
authoritative  publication  on  agricultural 
chemistry  in  its  numerous  ramifications. 

Volume  III,  issued  quarterly,  price  $5.M,  North 
America;  |5.50  elesewhere. 

ORDER  FROM 

Williams  &  Wilkins  Company 

Publishers 
Baltimore,  U.  S.  A. 


Milk  Cooling 

Requires    mechanical 
refrigeration. 

Special    literature    on 
request. 

BRUNSWICK 

REFRIGERATING 

CO. 

Dept.  G,  NEW  BRUNSWICK,  N.  J. 


INSURE  YOUR  SEED  WITH 

THE  IMPROVED  GERMAN  SOIL  INOCUUOOR 


NITRAGIN 


THE  SIMPLEST  SAFEST  AND  SUREST  SYS1BI 
OF  SOIL   INOCULATION  FOR  ALL  LEGUNES 

"NITRAGIN*'  is  grown  from  origina: 
Hiltner  cultures — ^bacteria  with  the  greatest 
possible  nitrogen-gathering  power. 

It  is  sold  in  a  modem  scientific  form— 
the  granular  medium  in  the  ventilated  ean. 
The  bacteria  are  therefore  of  high  virility 
at  seeding  time. 

"NITRAGIN''  is  sold  by  seed  dealers 
generallv.  If  your  dealer  cannot  supply 
you,  order  direct  from 

The  "NITRAGIN"  Co.,  Waterloo,  loin. 


Write  for  free  booklet 
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MICHELIN 

Universal  Treads 


High  Quality— Moderate  Price 

Unusual  Durability 
Sold  Everywhere  -  -  Factory,  Milltown,  N.  J. 


Synol  Is  More  Than  A  Soap 

While  Synol  Soap  is  one  of  the  best  toilet  soaps  made,  it  is  far  more 
than  a  soap.  It  is  a  powerful  germ  destroyer,  a  cleanser,  an  odor 
killer  and  a  disinfectant. 

Surgeons  use  Synol  to  sterilize  their  hands  and  instruments. 

Laboratory  workers  use  Synol  to  cleanse  hands,  glassware, 
implements  and  utensils. 

Farmers  use  Synol  to  prevent  infection  among  animals  and 
to  remove  odor  of  cattle  from  hands. 

Dairymen  use  Synol  to  cleanse  and  sterilize  their  hands  and 
cows'  bags  before  milking. 

Animal  tenders  use  Synol  to  disinfect  cuts  and  bites  and  to 
prevent  insect  life  on  dogs  and  cats  and  other  animals. 

Sold  in  convenient  sprinkler- top  bottles.  The  l^st  drop  can  be  used. 

Ask  Your  Druggist 

JOHNSON  &  JOHNSON 

New  Brunswick,  N.  J. 
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COMMERCIAL 
FERTILIZER 

Official  Organ  of  the  Southern  Fertilizer 
AtMociation 

The  authorized  and  universally  circulat- 
ed spokesman  of  the  fertilizer  industry 
in  the  section  of  the  United  States  which 
consumes  more  than  80  per  cent  of  all 
"complete"  fertilizers. 

A  monthly  journal  devoted  exclusively  to  the 
interests  of  the  Fertilizer  Manufacturers  and 
Allied  Industries.  Articles  pertaining  to  the 
scientific  development  of  Agriculture — The  pro- 
duction and  use  of  fertilizers  and  all  other 
means,  devices,  inventions  and  discoveries,  the 
aim  being  to  improve  and  facilitate  the  increase 
of  soil  production,  are  given  principal  consider- 
ation. 

Subscription  $1.00  per  Annum 
We  solicU  yours 

WALTER   W.  BROWN,  Publisher 

«23-2S-M  HURT  BUILDING    ::    ATLANTA,  GA. 


Have  Yeur  Own  Complete 

GAS  Plant 


"Equalizing"    Gas    Machine 

supplies  a  standard^  unif  orm«  non-poaaonous   gm  aatc- 
matioaUy  as  wanted. 

a.  W.  Gorrdt,  Dean,  Coker  CoOege,  HarUtiOf,  S.r.. 
Miyv: — "Your  machine  is  givinK  splendid  aatisfactio:} 
It  is  used  for  domestic  science  laboratory  and  ehemiatrr 
laboratory." 

TIRRILL  High  Efffieleney  Burners 

Standard  for  all  laboratory  uses.  Save  25  to  50^  «» 
Never  clog,  sing,  or  flash  back. 

Write  far  deacHptipe  boaklat 

TIRRILL  GAS  MACHINE  LIGHTING  CO. 

Est.  ItM     (18  Terminal  Bldft.,  ItS  Park  Ave..  NY. 
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The  Freas'  Electric  Incubator 

Approved  by  the  National  Board  of  Fire  Underwriters 

Universally  recognized  as  the  most  accurate  and  durable 
incvbator  availabUt  and  the  only  type  that  can  be  depended 
upon  for  continuous  unattended  operation.  Made  in  six  sizes. 

The  undermentioned  advantages  of  the  Freas*  Electric  Incubator 
strongly  recommend  its  use-^where  electricity  is  avail- 
able—in preference  to  any  other  incubator. 

The  almost  perfect  insulation  against  loss  of  heat  bv  radiation  cuts  down  the 
current  consumption  to  about  one-half  that  required  for  other  forms.  This  im- 
plies less  heating  up  of  the  laboratory,  less  strain  on  the  wiring,  less  danger  of 
sparking,  and  in  general  longer  and  more  satisfactory  service. 

2.  The  '  'all-metar '  regulating  device  main- 
tains constant  temperature  indefinitely 
to  a  fraction  of  a  degree. 

3.  To  set  for  the  temperature  desired  re- 
quires but  a  few  moments  of  time.  This 
is  accomplished  by  simply  turning  a 
mil  led -head  screw,  which  moves  the  in- 
dicator up  or  down  the  graduated  tem- 
perature scale. 

Contrast  this  with  the  time  required  to  set 
a  mercury  or  other  regulator  of  the  most 
advanced  type;  the  continuous  watching 
required  on  account  of  the  uncertainty  of 
its  proper  and  accurate  regulation. 

4.  There  are  no  complicated  devices  for 
heating,  regulation,  etc.  The  rugged 
construction  of  all  parts  of  the  Freas' 
Incubator  is  such  tnat,  with  ordinary 
care,  no  parts  are  liable  to  get  out  of 
order. 

5.  Water  is  not  required.,  nor  employed,  to 
maintain  an  even  temperature  throu]^- 
out  the  chamber,  thereby  eliminating 
leakajge,  a  disadvantage  so  common  with 

copper  incubators.  The  specifications  explain  the  reasons  for  this  advantage 
of  tne  Freas'  Incubator. 

No  auxiliary  devices  are  needed.  To  operate,  it  is  only  necessary  to  screw  the 
plug  into  a  lamp  socket,  and  turn  on  the  current.  The  incubator  will  operate 
on  either  direct  or  alternating  current.     WJien  ordering  specify  the  voltage. 

WRITE  FOR  DESCRIPTIVE  BOOKLET 

EIMER  &  AMEND 

FOUNDED  1851 
Headquarters  for  Bacteriological,  Educational  and  Industrial  Laboratory  Supplies 


NEW  YORK  CITY 

205-211  Third  Avenue 


PITTSBURGH,  PA. 

2011  Jenkms-Arcade  BIdg. 


48  Sparks  St.,  OTTAWA.  CANADA 
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NORMAL  THERMOMETERS 

MADE  IN   U.  S.  A. 

EQUAL  IN  ACCURACY  TO  THOSE  HERETOFORE  IMPORTED 
FROM  BEST  EUROPEAN  MAKERS 

IN  OUR  STOCK  FOR  IMMEDIATE  SHIPMENT 

48232A.    Thermometers,  Normal,  with  enclosed  glass  scale,  with 
capillary  of  Jena  Noriral  glass  in:ported  before  the  war. 


Range -10  to 

+100°C 
Graduated  in . .         J° 

Each ILOO 


-10  to 
+100^C 


5 


-10  to 
+100^C 


-5  to 
+200^C 
1** 


16M 


Range -5  to 

+200^C 
Graduated  in ^° 

Each 13.00 


24.00 

-5  to 
+200°C 

r 


10.00 

-5  to 
+360°C 


20.00 


20.00 


ALLIHN  AND  ANSCHUTZ  NORMAL  THERMOMETERS 


48260A.  Thermometers,  Normal,  Allihn,  with  enclosed  glass  scale, 
in  set  of  three  with  ranges  of  -15  to  +100°C.,  +100°C.  to  + 
200°C.,  and  +200°  to  +300°C.  The  thermometers  are  each 
about  30  cm.  long  and  about  8  mm.  in  diameter,  with  zero 
and  boiling  point  correction.    In  leather  case $35.00 

48268A.  Thermometers,  Normal,  Anschiitz,  with  enclosed  glass 
scale  and  small  bulbs,  as  used  in  fractional  distillations. 
Complete  sets  consist  of  seven  thermometers,  i.  e.  No.  1, 
-10  to-f60°C;  No.  2,  +40°  to  +100°  C;  No.  3,  90°  to 
160°C;  No.  4,  150°  to  220°C;  No.  5,  200°  to  270°C;  No.  6, 
250°  to  310°C;  No.  7,  300°  to  360°C.  These  thermometers 
are  all  graduated  in  ^ths  and  Nos.  2  to  7,  inclusive,  are 
nitrogen  filled,  and  all  the  thermometers  of  the  series  are  16 
cm  long  and  about  6  mm  in  diameter.  Complete  set  of 
seven,  in  leather  case $50.00 

As  the  production  [of  the  shop  making  these  thermometers  for  us  is  limited, 
orders  should  be  placed  promptly  to  avail  of  present  stocks 

BUREAU  OF  STANDARDS  CERTIFICATES— Any  of  the  above  thermometen  are  guar- 
anteed to  be  within  the  limit  of  tolerances  eetabliahed  bv  the  Bureau  oi  Standards  for  ther- 
momecers  of  this  classification,  and  will  be  offered  with  Bureau  of  Standards  certificates 
when  our  stock  is  complete.  In  the  meantime  any  of  these  thermometers  will  be  sent  to  the 
Bureau  for  certification,  subject  to  extra  charge  for  the  Bureau  fee  and  to  delay  in  shipment 
of  from  six  to  eight  weeks. 

Price*  tubjeet  to  change  without  notice 

ARTHUR  H.THOMAS  COMPANY 

IMPORTERS-DEALERS-EXPORTERS 

LABORATORY  APPARATUS  AND  REAGENTS 

No.  48232A      WEST  WASHINGTON  SQUARE  PHILADELPHIA,  U.  S.  A. 
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CENCO  ANALYTICAL  BALANCE 


No.  38«2V 

The  rapid  development  of  chemical  industry  in  the  past  three  years  has  led  to  an  unprecedented 
demand  for  analytical  balances.  To  meet  this  demand,  we  have  induced  Voland  &  Sons,  one  of  the 
largest  and  best  known  manufacturers  of  analytical  balances  in  this  country,  to  make  for  us  in  large 
quantities  balances  which  we  guarantee  to  be  suitable  in  accuracy  and  rapidity  for  any  quantitative 
or  industrial  laboratory  work. 

We  are  very  pleased  to  be  able  to  state  that  we  can  supply  the  Cenco  Analytical  Balance  from 
stock  immediately,  and  are  satisfied  that  we  can  continue  to  supply  any  reasonable  demand  in- 
definitely. 

Capacity 200  grams  Beam polished  aluminum 

Sensibility 1/10  mg.  Length  of  beam 6  in.,  graduated  in  l/Sth  mf. 

Knife  edges  and  bearings agate  Divisions  of  beam 50  to  right  of  center 

Weight  of  rider 10  mg.  Size  of  case 16ix  17  x9i  inches 

DISTINCTIVE  FEATURES  OF  THE  CENCO  ANALYTICAL  BALANCE 

Knife  edges  free  from  contact  when  balance  is  Graduations    of    beam    white    on    black  back- 

at  rest.  ground. 

Independent  arrests  for  beam,  stirrups  and  pans.  Index  plate  graduated  in  red. 

Fenders  at  end  of  stirrup  supports  to  check  ex-  ^?,o  co'rrosbr'^™'''''" 

treme  swing  of  beam  and  prevent  jarring  or  ^          ^  ^    ^^^^^  mahogany  with  counter- 

shdmg  of  stirrups  on  knife  edges.  ^.^^^  front  door  and  glass  on^dl  sides. 

High  sensibihty  and  rapidity  of  swing.  Simple  rider  construction  with  patented  rider 

HaB  Black  Plate  CIobb  Bate  if  Demirad.  hook. 

No.  3802V.       Balance,  Cenco  Analytical,  with  wooden  case  and  levelling  screws S42.50 

No.  3802VA.    Balance,  Cenco  Analytical,  same  as  No.  3802V,  but  with  black  plate  glass  base   50.00 

CENTRAL  SCIENTIFIC  COMPANY 

(Lake  Shore  Drive,  Ohio  and  Ontario  Streets) 
460  East  Ohio  Street  CHICAGO,  U.  S.  A. 
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Sulphate    of    Ammonia 

is  an  important  nitrogenous  fertilizer,  made  by  a 
process— the  by-product  coke  oven— that  is  essen- 
tial to  the  conservation  of  our  national  coal  supply. 

It  is  made  in  an  American  plant  from  American  coal,  facts 
that  have  lately  acquired  a  new  significance. 

It  is  our  main  reliance  in  the  present  nitrogen  shortage  but 
there  is  enough  wasted  in  the  beehive  coke  ovens  to  double 
our  present  supply. 

Scientific  agriculturists  can  help  this  by  pointing  out  the 
need  of  this  wasted  ammonia  in  agriculture,  and  the  most 
effective  methods  of  using  it. 

f 
ARCADIAN  Sulphate  of  Ammonia  is  kiln-dried  and  ground 
and  can  readily  be  drilled  in  by  itself  or  used  in  mixtures. 


Company 

Successor  to  American  Goal  Products  Ck>mpany 

SALES  DEPARTMENT  AGRICULTURAL  DEPARTMENT 

17  Batteo'  P1-,  New  York  Athens,  Ga.;    Medina,  Ohio;    New  York 
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THE  LIFE  OF 

CHILEAN  NITRATE  DEPOSITS 


A.  D.  1917 


Total 

Nitrate  Deposits 

in  Chile 


720 

Million 

Tons 


Estimated  life  of 

deposits  at  present 

rate  of  World's 

consumption 


For  reliable  information  write 


Upwards  of 

300 

Years 


DR.  WM.  S.  MYERS 

DIRECTOR 

CHILEAN  NITRATE  COMMITTEE 


25  Madison  Ave.,  New  York 
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